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focus of treating IBD so far was focused towards strategies which regulate the 
immune response. C4b-binding protein is plasma glycoprotein and a major soluble 
inhibitor of the classical and lectin pathways of complement activation. Our study 
describes a new mechanism of action in which an analogue of C4b-binding protein 
called PRP-B0 might affect activation of dendritic cells. We predicted that the 
dendritic cells treated with PRP-B0 would lower Th1 proinflammatory cytokines 
and increase IL-10, cytokine that inhibits Th1-immune response and, therefore, 
would improve intestinal damage. An experiment using C57BL/6 mice that lasted 9 
days was made, where we induced a condition similar to ulcerative colitis using 2% 
dextran sodium sulfate at day 0. After that, animals were treated with either PRP-
B0 or received a daily treatment with minocycline (reference treatment). We also 
had a control group, which was injected with Dulbecco's phosphate-buffered saline. 
After 9 days animals were sacrificed, and a disease activity index score was applied 
for each animal in order to evaluate the colon inflammatory status. The presence of 
multiple cytokines and chemokines in mouse serum samples were assessed using 
the Proteome profile array. Moreover, the presence of endotoxin in mice serum was 
evaluated. Afterwards an accurate quantification of chemokine CXCL13 in mouse 
serum was made through enzyme-linked immunosorbent assay. According to the 
results obtained, PRP-B0 could be a promising biological for inflammatory bowel 
disease treatment. 
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IL-10, citokin, ki zavira Th1-imunski odziv, in s tem dosegle izboljšanje 
poškodovanega črevesja. Za eksperiment, ki je trajal 9 dni, smo uporabili miši 
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1 INTRODUCTION 
 
Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the 
gastrointestinal tract that includes two major conditions: Crohn’s disease (CD) and 
ulcerative colitis (UC). These diseases are characterized by periods of symptoms 
exacerbation followed by more or less long-term intervals of remission. Although the 
aetiology of these conditions is not completely known it has been proposed that in 
genetically susceptible individuals there is a modified and chronic activation of the 
inflammatory and immune cascade against unknown environmental stimuli, which 
triggers the disease (de Mattos et al., 2015). 
 
Both of them affect the gastrointestinal tract and generate similar symptoms, which may 
include diarrhea, rectal bleeding, pain in the abdominal region and body weight loss 
(Kim et al., 2012). They are considered as complex conditions with their 
pathophysiological mechanisms that are not fully understood yet (Chen et al., 2016). 
Treating IBD so far has focused towards strategies, which affect the immune response. 
Initial treatment usually includes aminosalicylate or corticosteroid treatment, while 
azathioprine, mercaptopurine or methotrexate is used for unresponsive or chronically 
active IBD (Wilson et al., 2016).  
 
Beside immunomodulatory treatments, antibiotics have also been used for treating IBD. 
However, their mechanism of action is not completely known yet (Garrido-Mesa et al., 
2011). In particular, minocycline has reported to be one of the useful antibiotics for 
intestinal inflammation since it showed good reduction of inflammation in experimental 
rodent models of colitis, because of its immunomodulatory and antimicrobial ability. 
 
In more recent years novel biological therapies have been introduced, which are now 
used alongside classical therapies (Wilson et al., 2016).The advantage of treatment with 
biological molecules is their high specificity and direct mechanism of action, however 
the downside of it is that the treatment is still highly costly. Therefore, biological 
treatment is generally used as an alternative for patients who do not respond well to 
corticosteroid and aminosalicylates treatments. The price is not the only negative effect 
considering the biological treatment. Long-term therapy can also cause immunogenicity 
with generation of antibodies against the drug, which develop delayed reaction to 
infusion, resulting in a reduced duration of the patient response to each injection or 
infusion (de Mattos et al., 2015). For that reason further research and new therapies are 
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1.1 AIM AND SCOPE 
 
The aim of this Master Thesis was to evaluate the efficacy of plasma glycoprotein PRP-
B0 to improve IBD severity in a mouse model with acute inflammation of intestine 
(colitis), induced by dextran sodium sulfate (DSS). 
Our hypotheses were: 
 
-   According to the immunomodulatory characteristics of PRP-B0, this analogue could 
be useful as a treatment for several pathologies, including IBD. Repeated doses of 
PRP-B0 would have a positive effect in improving colonic damage after inducing 
colitis in mice with DSS. 
 
-   PRP-B0 will have a positive effect in lowering the concentration of pro-inflammatory 
chemokines and cytokines in circulation, and reducing tissue inflammation in the 
DSS-induced mouse colitis model. 
 
In order to obtain the best dosing regimen, 3 groups were established where PRP-B0 
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2 LITERATURE REVIEW 
 
2.1 INFLAMMATORY BOWEL DISEASE 
 
Inflammatory bowel disease (IBD) is a chronic, relapsing inflammatory disorder, which 
affects the gastrointestinal tract (Choy et al., 2017). It is estimated that IBD affects around 
5 million people all over the world. The disease occurs in both genders equally, at any age 
and more often among adolescents or young adults between the ages of 15-35 (What is 
IBD, 2019). 
  
The most studied types of IBD are Crohn's disease (CD) and ulcerative colitis (UC), since 
they are the most common in the world population (de Mattos et al., 2015). Both of them 
affect the gastrointestinal tract and generate similar symptoms, which may include 
diarrhea, rectal bleeding, pain in the abdominal region and body weight loss (Kim et al., 
2012). They are considered as complex conditions with their pathophysiological 
mechanisms not fully understood yet. Although the etiology is not fully understood yet, 
there is a general agreement that they are triggered by a combination of genetic 
predisposition (innate and acquired immunity, cytokine and ethnic differences), 
microbiota, immunological abnormalities and environmental factors (food, drug use, 
smoking, infection and early exposure to antibiotics), that result in colonic inflammation 
(Garrido-Mesa et al., 2011; Chen and Sundrud, 2016; Iida et al., 2019; Randhawa et al., 
2014). 
 
The gastrointestinal tract continuously regulates the gut flora and modulates immune 
responses to antigen of the food or other substances and thus maintains homeostasis. The 
innate immune response is crucial for maintaining this homeostasis, and therefore the 
dysfunction of innate immune activity results in the loss of homeostasis which leads to 
chronic inflammation and occurrence of IBD (Choy et al., 2017; Iida et al., 2019). The 
innate immune system consists of anatomical barriers, receptors, which detect structural 
patterns of microorganisms, and different cells among which are neutrophils, dendritic 
cells, natural killer cells, monocytes and macrophages. All of them enable fast and 
effective inflammatory response against a pathogen invasion. These responses represent 
the first line of defence and activate the acquired immune system through cytokine 
production, antigen presentation and T cells activation. In general, IBD is considered to be 
a consequence of irregularity in both innate and adaptive immune system through 
expression of pro-inflammatory and anti-inflammatory molecules, which results in chronic 
intestinal inflammation and tissue destruction (Park et al., 2017). Although the factors for 
presenting CD and UC are similar, they are considered as two different disorders with 
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2.1.1 Crohn’s disease (CD) 
 
Crohn's disease (CD) can affect any part of the gastrointestinal tract, but it usually affects 
regions of terminal ileum and the colon (Randhawa et al., 2014). It affects all layers of the 
intestinal wall and is featured by the formation of fistulas, ulcers and granulomas in the 
mucosa in early state, followed by fibrosis (de Mattos et al., 2015; Valatas et al., 2013). 
 
The clinical manifestations include diarrhea, abdominal pain and weight loss. Furthermore, 
the changes on skin, muscle or bone and the presence of paracolonic lymph nodes can be 
seen in metastatic Crohn's disease. In general, CD has a genetic background, and the first-
degree relatives of CD patients have a five times higher risk of developing the disease (de 
Mattos et al., 2015). 
 
In general, CD is characterized by predominant activation of Th1 cell response (Randhawa 
et al., 2014). It is featured by localized release of certain cytokines such as IL-12, IL-18, 
IL-23, IL-6, and TNF-𝛼 by dendritic cells and macrophages. These cytokines stimulate 
response of Th1 and Th17 T cell, which results in secretion of proinflammatory cytokines 
IL-2, IL-17, TNF-𝛼 and IFN-𝛾 (Valatas et al., 2013). Furthermore, because of Th1 
cytokines stimulation, the antigen-presenting cells start to secrete a wide spectrum of 
inflammatory cytokines such as IL-1, IL-6, IL-8, IL-12, and IL-18, which results in a self-
sustained cycle (de Mattos et al., 2015). 
 
 
2.1.2 Ulcerative colitis (UC) 
 
Another common form of IBD is ulcerative colitis (UC) characterized by inflammatory 
lesions, which normally affect the large intestine (Randhawa et al., 2014). In contrast with 
Crohn’s disease, inflammation of UC is defined by superficial ulcerations and granulomas, 
which are limited to only mucosa and submucosa (Valatas et al., 2013). Similar to Crohn's 
disease the clinical manifestations include diarrhea, rectal bleeding and weight loss 
(Kozlowski et al., 2013). They can also include blood release, mucus and tissue 
granulation. In a more severe form it can cause distended intestine, which causes deep 
ulceration, and can result in perforation of the intestine. However, in periods of remission, 
the mucosa may have a normal appearance (de Mattos et al., 2015).  
 
Ulcerative colitis is mostly characterized by atypical response of Th2 and natural killer T 
cells (Valatas et al., 2013). It is featured by increased secretion of IL-13, which is the 
reason for inflammation and chronic condition and secretion of IL-5, IL-4, IL-10 and IL-9, 
which block the proliferation of intestinal epithelial cells and regulate the expression of 
tight-junction proteins (Valatas et al., 2013; de Mattos et al., 2015). T cell responses 
initiate inflammation, which include activation of endothelia, production of chemokines 
and recruitment of white blood cells, resulting in thickening and dense infiltration of 
5 
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neutrophils, macrophages, lymphocytes and plasma cells on the mucosal layer of the bowel 
wall, that invade the epithelium and give rise to superficial ulcers and crypt abscesses 
(Valatas et al., 2013; Randhawa et al., 2014). In general, UC is mostly caused by an 
incorrect inflammatory response of the patient, which causes damage of the epithelial 
barrier and allows microbes of intestine to penetrate through (Kozlowski et al., 2013). 
 
 
2.2  TREATMENTS 
 
IBD is a very complex disease including an enormous variety of gut flora, therefore 
treating it, is also a complex procedure that depends on disease type, extent and severity 
(Wilson et al., 2016). The main focus of treating IBD so far has focused towards strategies 
which affect the immune response. Initial treatment usually includes aminosalicylate or 
corticosteroid treatment, while azathioprine, mercaptopurine or methotrexate is used for 
unresponsive or chronically active IBD (Wilson et al., 2016). 
 
Beside the immunomodulatory treatments, antibiotics have also been in use for the 
treatment of IBD. However, their mechanism of action is not completely known. On one 
side, there was a systematic review, which reported that some antibiotics alone or in 
combination may induce remission in active CD and UC through their attributed 
antimicrobial properties. On the other side, different studies have reported that they are 
capable of modulating both innate and acquired immune responses by directly affecting 
different inflammatory cells (Garrido-Mesa et al., 2011). Therefore, it is considered that a 
combination of both antimicrobial as well as immunomodulatory characteristics can show 
positive results in the IBD treatment. In particular, minocycline is reported to be one of the 
useful antibiotics for intestinal inflammation since it showed good effects against 
inflammation in experimental rodent models with colitis, because of its 
immunomodulatory and antimicrobial features (Garrido-Mesa et al., 2011). 
 
However, several other studies have stated that if antibiotic therapy is discontinued that 
results in a high relapse rate. For that reason, a patient needs long-term therapy, which 
decreases the risk of negative side effect due to drug (Garrido-Mesa et al., 2011). 
Moreover, antibiotic treatments do not always accomplish clinical remission and can cause 
different other conditions such as renal impairment (de Mattos et al., 2015). 
 
In more recent years novel biological therapies have been presented, such as anti-tumor 
necrosis factor alpha (TNF-α) antibodies, which are now used alongside classical therapies 
(Wilson et al., 2016). Biological treatments for IBD target proinflammatory cytokines that 
are present in the gut lamina propria of the patients with IBD. Cytokines such as TNF-α are 
important for maintaining chronic inflammation of intestinal mucosa. For that reason, the 
use of anti-TNF-α monoclonal antibodies are one of the biological molecules used to treat 
6 
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IBD. With the application of similar antibodies, various immune response mechanisms, 
such as apoptosis, complement activation, antibody production and blocking of growth 
factors, for Th cells are targeted. The advantage of treatment with biological molecules is 
its high specificity and direct mechanism of action, the downside of it is that the treatment 
is still highly costly. Therefore, biological treatment is generally used as an alternative for 
patients who do not react well to corticosteroid and aminosalicylates treatments. The price 
is not the only negative outcome considering the biological treatment. Long-term therapy 
can also cause immunogenicity, with generation of antibodies against drugs, which can 
cause delayed infusion reactions, resulting in a reduced duration of the patient response to 
each injection or infusion (de Mattos et al., 2015). 
 
The first approved molecule against TNF was infliximab. Infliximab is a chimeric 
monoclonal IgG1 antibody composed of a segment of the native mouse protein which 
contains the binding site for the TNF-α and a part of human immunoglobulin that has an 
effect on the function of the antibody. Infliximab is used for the treatment of inflammatory 
and fistulizing Crohn's disease and UC in several countries. Still there are patients that do 
not response to it. In that case adalimumab, a human monoclonal IgG1 antibody is used, 
which binds specifically to TNF-α (de Mattos et al., 2015).  
 
Biological treatments with monoclonal antibodies infliximab and adalimumab have 
showed significant improvement in patients with IBD and are therefore used for its 
treatment. However, there are also some side effects and risk which cannot be ignored. 
Some of them include renal complications, infusion reaction, delayed hypersensitivity, new 
rise of autoimmunity and opportunistic infections due to the immunosuppressive treatment. 
Because these treatments are relatively new, their side effects are still not completely 
known. Therefore, more studies are needed in order to know the complete side effects of 
the treatment (de Mattos et al., 2015). 
 
 
2.3 COMPLEMENT PATHWAY 
 
The immune system is designed to defend living organisms against pathogens such as 
viruses and bacteria. In general it is divided into two sections: innate and acquired immune 
system. The acquired immune system is developing throughout our whole life and is 
responsible for developing specific antibodies, while the innate immune system is already 
present at birth and represents a non-specific first defence response against pathogens 
(Complement System – overview, 2019). The complement system is an important part of 
the innate immune system and helps to fight against pathogens through a cascade of 
biochemical reactions. Although the complement system is a part of the innate immune 
system it is also closely connected to the elements of acquired immune system, with which 
it interacts and they complement each other (Complement System – overview, 2019). 
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The complement system is composed out of 30 plasma and membrane-bound proteins in a 
form of inactive proenzymes, which circulate in blood. They are mainly synthesized in the 
liver and represent 5% of all globulins in the blood serum. Once the complement detects a 
signal it activates a change in one of the initial proenzymes to the active form, which then 
split and activates the next enzyme in the cascade and ultimately leads to the formation of a 
protein complex that integrates into the bacterial cell membrane and causes cell lysis. At 
the same time cytokines activate the acquired immune system. Each element can activate 
several elements below the level in the cascade so the initial response increases 
exponentially during activation (Kaiser, 2019). 
 
There are three ways of activating the complement: classical, lectin and alternative 
pathway. The activation of each pathway is activated by different components 
(Complement System – overview, 2019). 
 
 
2.3.1 The Classical pathway (CP) 
 
The classical and lectin pathway consists of the same components except for the factor 
which causes the initial activation. For activation of the classical complement (CP) 
pathway antigen-antibody complexes are normally required, which are connected to the 
acquired immune response (Complement System – overview, 2019).  
 
Activation of the complement through the classical pathway is set off when antibodies 
recognize a wide variety of pathogenic microorganisms. The activation is triggered with 
the interaction of the C1 complex with antibody-antigen complexes or immune aggregates 
that contains IgG or IgM (Complement System – overview, 2019). 
 
The CP therefore represents a natural link between the innate immune system and the 
acquired immune system. Nonetheless CP can also be activated with a large number of 
factors other than antibodies (Complement System – overview, 2019). 
 
Activation of the classical pathway starts with the antibody binding to at least two binding 
sites of the antigen, revealing a binding site for the C1 molecule (Virella, 1998). Antibody 
binding leads to a change in conformation in the C1 complex, which results in activation of 
the two serine protease subunits C1s and C1r. These subunits then split the molecule C4 to 
two subunits – C4a and C4b. C4a is released into the circulation, while, a reactive C4b 
subunit covalently binds to proteins or polysaccharides at the surface in close proximity of 
C1. C4b binds the C2 molecule, which makes C2 available for proteolysis by C1. C1 splits 
C2 to two subunits – C2a and C2b. The fragments C2a and C4b form a complex C4b2a, 
which represents the C3 convertase of the classical pathway (Complement System – 
overview, 2019; Kaiser, 2019). 
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The C3 convertase is important for the cleavage of C3 to C3a and C3b. While C3a is 
released into the circulation, C3b covalently binds to surfaces in or near to the C3 
convertase. This binding results in a complex C4b2a3b, which is the C5 convertase of the 
classical pathways. This convertase can be formed by C4b2a3b of the classical or lectin 
pathway, or C3b2BbP of the alternative pathway. The formation of the C5 convertase is 
the initial step of the lytic phase of the complement pathways, causing cleavage of C5 to 
C5a and C5b. The C5b is the first element of the self-assembly of Membrane Attack 
Complex (MAC) or soluble Terminal Complement Complex (sTCC) (Complement System 
– overview, 2019).  
 
The MAC is capable of incorporation into the membrane through its hydrophobic region, 
forming a transmembrane channel that causes osmotic lysis of the target cell (Kaiser, 
2019). The subunits C3a and C4a that are released into the blood circulation, act as 
anaphylatoxins, with binding to receptors on the surface of mast cells and initiating the 
release of vasoactive amines. They can also bind to receptors on neutrophils, which 
stimulate the release of lysosomal enzymes. Both subunits contribute to inflammation, 




Figure 1: Classical pathway actication of the Complement system (Classical Pathway (CP), 2019) 
Slika 1: Mehanizem dolovanja klasične poti sistema komplementa (Classical Pathway (CP), 2019) 
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2.3.2 Lectin pathway (LP) 
 
Activation of the lectin pathway is similar to that the classical pathway (CP), with the 
difference in the components that are involved in the onset of the complement cascade. The 
role of C1 is replaced by mannose-binding lectin (MBL) (Complement System – overview, 
2019). When MBL binds to various mannose residues on the surface of the pathogen, it 
activates serine proteases MASP1 and MASP2 that affect proteins C2 and C4 and these 
then continue the cascade as in the classical pathway (Complement System – overview, 
2019; Kaiser, 2019). 
 
 
2.3.3 Alternative pathway (AP) 
 
The alternative pathway (AP) is not triggered by antibodies or specific structures on the 
microorganisms in comparison with the other two pathways. It is activated by spontaneous 
C3 hydrolysis and it is continuously activated at a low level (Complement System – 
overview, 2019). 
 
The starting element of this pathway is the molecule C3b, which binds to a protein called 
factor B, resulting in a change in its conformation and the possibility to be split by protease 
factor D from the plasma. The cleavage causes the release of the Ba fragment, while Bb 
binds to C3b and forms the C3 convertase (Kaiser, 2019). C3b fragment then binds to the 
C3-convertase, creating C5 convertase (C3b2BbP) which is analogous to that from the 
lectin or classical pathways. As in the previous pathways, the C5 convertase starts the lytic 
process. The four major functions of the complement system are lysis of infectious 
organisms, inflammation activation, opsonization and immune clearance (Complement 
System – overview, 2019). 
 
While the complement system is designed to target and destroy pathogens, it can also 
target host cells because of its non-specific function, and thus has the potential to cause 
tissue damage (Paul, 2012). Defects in the complement system can lead to a serious 
immunodeficiency, which results in greater susceptibility to infections as well of activation 
of the complement, resulting in autoimmune diseases. To minimize the damage, the 




2.4 C4B-BINDING PROTEIN 
 
C4BP is a large plasma glycoprotein with a size of 570 kDa. It is primarily synthesized in 
the liver, but it can also be synthesized in lungs and pancreatic islets. C4BP is released to 
the circulation in three main isoforms (Olivar et al., 2013; Ermert et al., 2016). The most 
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common C4BP isoform in plasma (α7ß1) is composed of seven identical α-chains and one 
ß-chain, which are all linked together in their C-terminal domains by disulphide bonds in a 




Figure 2: α7ß1 and α7ß0 isoforms of the complement regulator C4b-binding protein 
Slika 2: Izoobliki α7β1 in α7β0 veznega proteina komplementarnega regulatorja C4b 
 
The α-chains bind to several ligands such as C3b and C4b proteins of the complement 
system, heparin, pentraxin, CD91, DNA and proteins on the surface of bacterial pathogens. 
With the binding on C3b and C4b, complement activation can be regulated by reducing the 
formation and stability of C3 or C5 convertase (Olivar et al., 2013; Sjölander et al., 2016).  
 
The ß-chain, on the other hand, binds protein S with high affinity, enabling C4BP to bind 
to apoptotic and necrotic cells, which allows complement activation and removal of those 
cells under controlled conditions (Olivar et al., 2013; Sjölander et al., 2016). The two 
isoforms that contain the ß-chain (α7ß1 and α6ß1) circulate in plasma in a C4BP-PS 
complex due to its high affinity to anticoagulant PS (protein S) and are therefore linked to 
the coagulation system (Agarwal et al., 2015). When an acute inflammation occurs, the 
isoform of C4BP with the lack of ß-chain (α7ß0) is up-regulated due to proinflammatory 
cytokines that regulate the genes encoding α- and ß- chain by proinflammatory cytokines 
(Ermert et al., 2016; Olivar et al., 2013). 
 
C4BP is an inhibitor of the complement system that mainly inhibits the classical and lectin 
pathways. It acts through the inhibition of assembly and acceleration of the natural 
degradation of the C3 convertase, but it is also able of affecting the alternative pathway 
through its role as a cofactor to the plasma protease factor I in degradation of C4b and C3b 
(Blom et al., 2009). This cleavage enables macrophages to recognise the cells and 
eliminate them without initiating inflammation. Apoptotic and necrotic cells that need to 
be removed present C1q, MBL or ficolins, which are recognised by the immune system, 
and initiate their opsonisation. Macrophages that phagocytose apoptotic or necrotic cells 
11 
Anžič A. Therapeutic potential … pathway complement inhibitor analogue PRP-B0 in an acute inflammatory bowel disease model.  
    M. Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, Academic Study in Biotechnology, 2020  
labelled with C4BP, release anti-inflammatory cytokines. Therefore, in case of external 
damage or necessity to remove cells from the system, C4BP acts as a helper in a silent 
elimination of apoptotic and necrotic cells by macrophages (Ermert et al., 2016). 
 
In a study by Olivar et al. (2013) they reported that the C4BP (ß-) isoform has an ability to 
modulate the behaviour of dendritic cells, which are one of the most important innate 
immune cells that influence the adaptive immune response. It was able to induce a semi-
mature tolerogenic phenotype in dendritic cells (DCs) which were stimulated by LPS, 
avoiding excessive T cell activation. This induced phenotype was analogous to immature 
DCs (iDCs). Additionally, it was shown that treatment with this isoform prevented the 
treated DC to release pro-inflammatory Th1 cytokines (IL-12, TNF-α, IFN-γ, IL-6, IL-8), 
while increasing the secretion of the anti-inflammatory cytokine IL-10. Furthermore, it 
reduced chemotaxis, failed to increase T cell proliferation, prevented overexpression of 
CD80 and CD83 and prevented overexpression of surface CCR7, protein involved in 
migration of DC to lymph nodes (Olivar et al., 2013).  
 
Although C4BP seemed to be cleared from the circulation system relatively quickly and its 
effect on the complement activity was weak in a mouse model of arthritis, the end effect on 
the disease was significant, therefore C4BP and its analogues may have a therapeutic 





Similar to C4BP is its analogue PRP-B0, which also acts as inhibitor of the complement 
system and immunomodulator (Blom et al., 2009). It has the ability of lowering the 
concentration of pro-inflammatory chemokines and cytokines in circulation and therefore 
lowering the inflammation because it is a part of complement system and it acts in similar 
manner than C4BP. Since the mechanism behind it is very similar it is also presumed that 
they have similar ability of modulating the behaviour of dendritic cells. Moreover PRP-B0 




2.6 DSS-INDUCED COLITIS MOUSE MODEL 
 
For the purpose of studying the pathogenesis and complexity of human IBD and to find 
potential therapeutics for it, many murine models have been developed in the last few 
decades (Chassaing et al., 2014). 
 
The models that have been developed are spontaneous colitis models, inducible colitis 
models, genetically modified models and adoptive transfer models (Perše and Cerar, 2012). 
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Even though these models do not display all the complex mechanisms of the human 
disease, they are a very useful and valuable approach for investigating different factors that 
are enrolled in the pathogenesis of IBD and for evaluating potential therapeutics (Perše and 
Cerar, 2012). 
 
The chemically induced models have the least resemblance to human IBD, because of their 
acute and unphysiological pathogenesis, but are still the most commonly used. One of the 
reasons for their broad use is that they are simple, rapid, low cost, reproductive, 
controllable, and cause immediate inflammation (Randhawa et al., 2014; Chassaing et al., 
2014). 
 
Additionally, in comparison with human disease, T and B cells are not needed for the 
development of colitis in a murine model, which allows studies of colitis in the absence of 
adaptive immunity, for example in SCID and RAG-KO mice. Therefore, the acute DSS 
colitis model is especially useful for studying the role of the innate immune system in the 
development of colon inflammation (Chassaing et al., 2014). 
 
The chemical-induced colitis models use trinitrobenzene sulfonic acid (TNBS), dextran 
sodium sulphate (DSS), oxazolone, acetic acid, nonsteroidal anti-inflammatory drugs 
(NSAIDs), carrageenan or peptidoglycan-polysaccharide (PGPS) (Randhawa et al., 2014 
and Chassaing et al., 2014). Among all chemically induced colitis murine models of 
intestinal inflammation, dextran sulfate sodium is the most commonly used model. DSS is 
a negatively charged sulfated polysaccharide, soluble in water, with highly variable 
molecular weight, which varies from 5 kDa to 1400 kDa (Chassaing et al., 2014). 
 
Response of the mouse on the DSS varies based on the concentration, duration of 
exposure, manufacturer, batch and molecular weight of DSS. When administering DSS to 
the animal model, its molecular weight plays an important part in the induction of colitis. 
Different molecular weights cause different severity of colitis, carcinogenic activity and 
have an effect on the location of colitis. Thus, applying the right molecular weight is of 
great importance (Perše and Cerar, 2012). The most severe murine colitis, which is the one 
that has the closest similarity to human UC, is administered at molecular weight of 40 to 
50 kDa (Chassaing et al., 2014). Not only DSS, but also genetic factors (strain, sub strain 
and gender) and microbiological factors (microbiological state and intestinal flora) of the 
animals have an important role that determine how severe the response will be (Perše and 
Cerar, 2012). 
 
In comparison to other animal models of colitis, colitis induced by DSS has some 
advantages. For example changing the concentration of administered DSS can easily 
induce an acute, chronic or relapsed model. Furthermore, in the chronic phase of DSS-
induced colitis, dysplasia occurs frequently, which resembles to the human UC. Therefore, 
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the model is a good example for extrapolation of mouse data to human disease (Perše and 
Cerar, 2012). The mechanism of intestinal inflammation by DSS administration is still 
unclear, but it is likely that DSS causes chemical damage to the mucus layer that protects 
the epithelial tissue of the colon, allowing the microbes to enter the gut, which results in 
acute inflammation (Chassaing et al., 2014; Kozlowski et al., 2013). 
 
Classically, in the chemically-induced DSS colitis mouse model (C57BL/6NTac, C57BL/6 
and BALB/C), 3 to 5% DSS (w/v) polymers, with a molecular weight of 50 kDa are 
dissolved in the drinking water of mice for 5 to 8 days in order to induce colitis. After the 
9th day, animals are sacrificed and evaluated based on various parameters, such as TNF-α 
level, IL-10, IL-1β, IL-6, IL17 and MPO activity. Evaluation is made through a Disease 
Activity Index (DAI). DAI is a cumulative index of ulcerative colitis for quantifying body 
weight loss, rectal bleeding and stool consistency (Randhawa et al., 2014; Kozlowski et al., 
2013). 
 
Macroscopic and microscopic observations of mice show weight loss, diarrhea and colon 
shortening after the administration, as well as a progressive loss of intestinal crypt cells 
mostly near the rectum and in the distal regions of the colon. Due to inflammation, an 
increase of innate immune cells and lymphocytes is observed in the intestine, which causes 
additional erosion and ulceration of crypts (Kozlowski et al., 2013). The most known 
marker of DSS-induced colitis is an increase of TNF-α level in colon tissue. DSS cause a 
significant increase in the production of all proinflammatory cytokines in both mid and 
distal colon (Randhawa et al., 2014). 
 
All of these observations in DSS mice are also found in the human disease; therefore, these 
mice are a great model for studying IBD. Promising therapeutics that would help with IBD 
are scored based on pathological scores in colitis mice. The scores are made by 
experienced pathologists based on microscopic observations through examining 
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3.1.1 Chemicals and reagents 
 
- Minocycline (Sigma, Spain (Ref. M9511)). 
- Maintenance diet by Harlan Interfauna Ibérica S.L. (2018 Harlan Teklad Global Diets) 
- Tap water by CASSA (Servei d’Aigües de Sabadell)  
- Dulbecco's Phosphate-Buffered Saline (DPBS)  
- DSS (w/v) (35-50 KDa, ref: DB001-36, TdB Consultancy, Uppsala, Sweden) 
- 0.1% Tween-80 + Carboxymethyl cellulose (CMC) (0.5% w/v in water) at a 
concentration of 5 mg/mL 
- Proteome ProfilerTM Array, Mouse Cytokine Array Panel A (R&D Systems Europe, 
Ltd.Catalog Number ARY006) 
- Mouse Endotoxin (ET) ELISA Kit, (MyBiosource, Inc., Cat No. MBS263664) 
- ELISA Kit for Accurate Quantitation of Mouse CXCL13 (BLC) from Cell Culture 
Supernatant, Serum and Plasma, (BioLegend, Inc., Cat. No. 441907) 
- Triton® X-100 (Merck, Cat. No. 108603) 
- Pierce™ BCA Protein Assay Kit, (Thermo Scientific, Number 23227) 
- Aprotinin from bovine lung (Sigma, Spain (Ref. A6279)) 
- Pepstatin A (Tocris, Cat. No. 1190) 
- Leupeptin (Tocris, Cat. No. 1167) 
 
 
3.1.2 Laboratory equipment 
 
- Plate Shaker (Wisd WiseShake SHO-2D, Witeg, Germany) 
- Termostat (Tembloc, SELECTA®, Spain) 
- Vortex (REAX 2000, HEIDOLPH®, Germany) 
- Multilabel Plate Read (VICTOR X5™, PerkinElmer, USA)  
- Magnet stirrer with control thermometer (Rotamix 560 MMH, Tehtnica, Slovenia) 
- Chemical fume cupboard (Faster Chemfree 2000 flowkast, FASTER S.r.l., Italy) 
- Incubator (Termak, Norway) 
- Refrigerators (4℃, -20℃, -86℃) (Liebherr premium frost free, Liebherr Economy, 
Germany)  
- Microcentrifuge (Eppendorf® Microcentrifuge 5415)  
- iBright CL1000 (ThermoFisher scientific) 
- Dounce homogenizer  
- CryoPure Tube 1.6 mL (SARSTEDT AG & Co. KG, Germany) 
- Water Bath (Grant, UK) 
- Multi-Channel Pipette Nichipet 7000 (NICHIRYO CO, Japan) 
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3.1.3 Protease inhibitors 
 
- Stock Aprotinin: 10 mg/mL in 0.9% NaCl and 0,9% benzyl alcohol solution. Store at 
4ºC. 
- Stock Leupeptin hemisulfate: 10 mg/mL in 2.5 mL of water. Filtered with 0.2 µm filter. 
Aliquoted and store at -20ºC. 
- Stock Pepstatin A: 1 mg/mL in 10 mL of absolute ethanol. Store at 4ºC. 
 
 
3.1.4 Bioinformatics tools 
 
- Graph Pad Prism version 6.0. 





3.2.1 PRP-B0 treatment of the DSS-induced colitis model  
 
3.2.1.1 Animal identification 
 
54 male C57BL/6 mice, age 7 weeks that weighed approximately 22 g were supplied by 
Envigo (Barcelona, Spain). During the experimental procedure, animals were identified 
with permanent marker (tail code numbers). 
 
 
3.2.1.2 Environment and husbandry 
 
Animals were housed in groups of 2-5 animals per cage. They were kept in an 
environmentally controlled room (ventilation, temperature 22±2ºC and humidity 35-65%) 
on a 12-h light/dark cycle. They underwent a period of 5 days of acclimatisation between 
the date of arrival and the start of the procedure. During this period, the animals were 
observed in order to check their general health state. The maintenance diet was supplied by 
Harlan Interfauna Ibérica S.L. (2018 Harlan Teklad Global Diets) and was provided ad 
libitum to the animals. Diet was analysed by the manufacturer to detect possible 




3.2.1.3 Animal welfare 
 
The animals were maintained in accordance with European Directive for the Protection of 
Vertebrate Animals Used for Experimental and other Scientific Purposes (86/609/EU). 
Decree 214/1997 of 30th July. 
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All the experimental procedures were approved by the Ethical Committee on human and 
animal experimentation (CEEAH) of Universitat Autònoma de Barcelona (UAB) 
(procedure number: 3101) and by the Animal Experimentation Commission of the 
Generalitat de Catalunya (Catalan Government). DAAM: 8834.  
 
 
3.2.1.4 Test Item Identification 
 
Recombinant PRP-B0 was transiently produced in HEK293 cells (Expi293 cells) and 
purified from the cell culture supernatants through an hydrophobic interaction (butyl)  
chromatography followed by an anion exchange (Q Sepharose) chromatography, according 
to Bioingenium protocols (Bioingenium, S.L., Barcelona, Spain), and concentrated to 6.2 
mg/mL). Formulations were prepared immediately before their administration. 
 
 
3.2.1.5 Reference Substance Identification and Preparation 
 
Minocycline was dissolved in 0.1% Tween-80 + Carboxymethyl cellulose (CMC) (0.5% 
w/v in water) at a concentration of 5 mg/mL. Formulations were prepared immediately 
before their administration. 
 
 
3.2.1.6 Experimental procedure 
 
Colitis protocol (days 0-9):  
Colitis was induced by adding DSS (w/v) in the regular drinking water at the concentration 
of 2 %, filtered through a 0.22 μm cellulose acetate filter and provided to the mice ad 
libitum. On day 3, DSS solutions were substituted by new freshly 2 % DSS solution. On 
day 5, DSS solutions were replaced by tap water until day 9. Blank animals (non-colitic 
group) received regular water throughout the study. 
Vehicle treatment (day 0): 
DPBS (vehicle 1) was subcutaneously injected to animals at days 4, 6 and 8 to groups 
Blank and Control (DSS-colitic group) in a volume of 0.15 mL. 
PRP-B0 treatments (different days):  
0.15 mL of PRP-B0 (50 μg) were subcutaneously injected to animals through this 
administration schedule: Group PRP-B0 _3: PRP-B0 was administrated at days 4, 6 and 8. 
Reference compound treatment (days 0-8):  
Minocycline (50 mg/kg) were daily administered by oral gavage (PO) to animals in 
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Figure 3: DSS application, application of PRP-B0_3, DPBS (Blank/Control) and minocycline. 
Slika 3: Aplikacija DSS, aplikacija PRP-B0_3, DPBS (slepa/kontrola) in minociklina. 
 
Body weight of the animal, the presence of gross blood in the faeces, and stool consistency 
were recorded daily for each mouse. These parameters were each given a score, which was 
used for calculating an average daily Disease Activity Index (DAI) for each animal (Table 
1) (Melgar et al., 2005). 
 
 
Table 1: Disease Activity Index (DAI) based on Melgar et al. (2005). 
Preglednica 1: Indeks aktivnosti bolezni (DAI), ki temelji na Melgar in sod. (2005). 
Disease Activity Index 
Score Weight loss Stool consistency Visible blood in stools or rectal bleeding 
0 None Normal Absence 
0.5 1-5% -- -- 
1 5-10% --- --- 
2 10-20% Loose feces --- 
3 20-25% --- --- 
4 >25% Diarrea Presence 
DAI (0-4) = Σ score of each parameter/n parameters evaluated 
 
At day 9, five mice from each group were anesthetized with isoflourane and blood samples 
were collected from vena cava. Blood samples were allowed to clot for 30 min at room 
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temperature and centrifuged at 10.000 rpm for 10 min. Supernatants (serum) were 
collected and stored at -80ºC. Then all the animals were euthanized by CO2 inhalation. In 
all mice, spleens were removed and weighed. After that, spleens were subsequently 
sectioned in two transversal fragments. One of the sections was frozen in liquid N2 and 
stored at -80°C and the other was placed in 10% formalin (1 mL) and stored at room 
temperature (RT). Then, the colons were removed shortly and washed with ice-cold 
phosphate-buffered saline. The segments of colon that were cut were then placed on an ice-
cold plate, cleaned of fat and mesentery, and blotted on filter paper. Each sample was 
weighed and its length measured under a constant load (2 g). The colon was opened 
lengthwise and scored for macroscopically visible damage by one observer, according to 
the criteria described by Kim et al. (2012). 
 
 
Table 2: Macroscopic score based on Melgar et al. (2005). 
Razpredelnica 2: Makroskopski rezultat na podlagi Melgar in sod. (2005). 
Macroscopic Score 
Score Stool consistency Visible fecal blood Inflammatory score 
0 Formed pellets Absence Normal 
1 Slightly loose feces Slightly bloody, red feces Slight inflammation 
2 Very soft stools Bloody, dark red feces Moderate inflammation and/or 
edema 
3 Absence of feces or 
mucous/watery diarrhea 
Blood in whole colon Heavy inflammation and/or 
ulcerations and/or edema 
Final score (0-9): Σ score of each parameter 
 
3.2.2   Mouse cytokine array  
 
In order to evaluate the severity of inflammation, relative levels of multiple cytokines, 
chemokines and acute phase proteins in mouse serum samples of the treated mice at the 
end of the study, Proteome Profiler TM Array, Mouse Cytokine Array Panel A (Catalog 
Number ARY006, R&D Systems Europe, Ltd.) was used. 
 
Mouse Cytokine Array kit, Panel A is a membrane-based sandwich immunoassay. The 
array kit used consists of Mouse Cytokine Array Panel A, which are 4 nitrocellulose 
membranes that contain 40 different captured antibodies to specific target proteins printed 
in two repeats. The nitrocellulose membranes are a part of the kit and provided by 
manufacturer R&D Systems Europe, Ltd. 
 
The protocol started by putting the 4 membranes in each of the wells of the 4–well dish 
and added 2 mL of Array Buffer 6 to each of the membranes in the wells. Dish was 
incubated for 1 h on a rocking platform shaker. The investigated mice serum was obtained 
from mice injected with either DPBS (Blank), DSS (Control), PRP-B0_3 protein or treated 
with minocycline. The samples were prepared by mixing 100 µL of a pool of four samples 
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per group and 900 µL of Array Buffer 6. Then 0.5 mL of Array Buffer 4 was added in 
separate tubes. Then 15 μL of Detection Antibody cocktail reconstructed in 100 µl of Mili-
Q water was added to each of prepared samples, mixed and incubated at room temperature 
for one hour. After incubation, the Array Buffer 6 was aspirated from the four wells. Then 
1.5 mL of prepared samples was added to membrane placed in the 4-well multi-dish and 
was left to incubate overnight at 4°C on a rocking platform shaker. The next day each of 
the membranes was removed and placed in the individual plastic container consisting of 20 
mL of 1x Wash Buffer. The 4-well dish was washed with 20 mL Mili-Q water and dried. 
 
The membranes were washed three times with 20 mL 1x Wash Buffer for each membrane 
for 10 min in a rocking platform shaker. The membranes were removed from their wells 
and the excess buffer was drained from them. Then 2 mL of Streptavidin-HRP (diluted in 
Array Buffer 6, 1:2000) was added to each of the 4 wells of a 4-well dish. The membranes 
were returned to each of the wells containing Streptavidin-HRP and incubated at room 
temperature on a rocking platform shaker for 30 min. After the incubation, each of the 
membranes was removed out of the wells and was placed in the individual plastic container 
consisting of 20 mL of 1x Wash Buffer, each. The 4-well dish was washed with Mili-Q 
water and dried. The membranes were washed three times with 20 mL of 1x Wash Buffer 
per membrane for 10 min each, on a rocking platform shaker. After the wash, each of the 
membrane was removed and placed on the bottom plastic sheet protector. Then 1 mL of 
Chemi reagent mix (Chemi Reagent 1: Chemi Reagent 2, 1:1) was added onto each 
membrane and covered with a top sheet of the plastic sheet protector, following incubation 




Table 3: Cytokines and chemokines represented in a Mouse cytokine array. 
Pregledelnica 3: Citokini in kemokini vezani na mišjo citokinsko mrežo. 
CXCL 13/BLC/BCA-1 IL-5 M-CSF 
C5A IL-6 CCL2/JE/MCP-1 
G-CSF IL-7 CCL12/MCP-5 
GM-CSF IL-10 CXCL9/MIG 
CCL1/I-309 IL-12 p70 CCL3/MIP-1 alpha 
CCL11/Eotaxin IL-13 CCL4/MIP-1 beta 
ICAM-1 IL-16 CXCL2/MIP-2 
IFN-gamma IL-17 CCL5/RANTES 
IL-1 alpha/IL-1F1 IL-23 CXCL12/SDF-1 
IL-1 beta/IL-1F2 IL-27 CCL17/TARC 
IL-1ra/IL-1F3 CXCL10/IP-10 TIMP-1 
IL-2 CXCL11/I-TAC TNF-alpha 
IL-3 CXCL1/KC TREM-1 
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3.2.3 ELISA: quantification of endotoxins in mouse serum 
 
Mouse Endotoxin (ET) ELISA Kit (MyBiosource, Inc.; Cat No. MBS263664) was used in 
order to quantify the concentration of endotoxins in our mouse serum samples in vitro.  
The kit used is based on a double antibody sandwich enzyme-linked immunosorbent assay 
(ELISA). The principle of this assay is based on the binding of our antigen to the specified 
mouse ET monoclonal antibodies which are pre-coated on the plate as well as to the 
detection antibody.  
 
Serum obtained from C57BL/6 mice at the end of the study was used. Mouse serum was 
obtained from mice injected with either DPBS (Blank), DSS (Control), PRP-B0_3 protein 
or treated with minocycline. Four samples for each of the treatments were used. A standard 
curve with known ET concentrations was made as a reference to determine unknown 
concentrations of the samples. 
 
100 µL of Mouse ET standard sample, diluted in Standard diluent, provided by the 
manufacturer was added in concentrations of 1, 0.5, 0.25, 0.125, 0.0625, 0.0312, 0.0156 or 
0 EU/mL in duplicates. 100 µL of samples was added in two repeats, then the microtitre 
plate was incubated at 37°C for 90 min. After incubation the plate was washed 3 times 
with 200 µL of 1x Wash Buffer. 
 
100 µL of biotinylated Mouse ET antibody, diluted in Antibody diluent (diluted 1:100) was 
added to each well and left to incubate at 37°C for 60 min. After incubation, the plate was 
washed 3 times with 200 µL of 1x Wash Buffer. Afterwards, 100 µL of Enzyme-conjugate, 
diluted in Enzyme conjugate diluent (diluted 1:100) was added to each well with the serum 
or Mouse ET standard sample, except blank wells and the plate was incubated at 37°C for 
30 min. ELISA plate was washed 5 times with 200 µL of 1x Wash Buffer and added 100 
µL of Colour Reagent liquid (Colour Reagent A: Colour Reagent B, 9:1) to each well. The 
plate was incubated in the dark at 37°C. The reaction was stopped by adding 100 µL 
Colour Reagent C to each well and read the optical density (OD) at 450 nm and 560 nm.  
 
 
3.2.4 Quantification of mouse CXCL13 (BLC) in serum 
 
For accurate quantification of mouse CXCL13 (BLC) in mouse serum a LEGEND MAX™ 
Mouse CXCL13 (BLC) ELISA kit (BioLegend, Inc., Cat. No. 441907) was used. 
 
The kit is based on a Sandwich Enzyme-Linked Immunosorbent Assay (ELISA), and 
consists of a 96-well strip plate pre-coated with rat monoclonal anti-mouse CXCL13 
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Mouse serum was obtained from mice untreated and injected with DPBS (Blank), and 
DSS-treated and injected with DPBS (Control), with PRP-B0_3 protein or treated with 
minocycline. Four samples for each of the treatments were used. A standard curve with 
known CXCL13 concentrations was also made as a reference to determine unknown 
concentrations of the samples. 
 
For the standard curve, 500 µl of the Mouse CXCL13 standard (500 pg/ mL) was 
prepared.Dilutions of the standard were prepared by using Assay Buffer B as diluent (500 
pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/mL, 31.3 pg/mL, 15.6 pg/mL, 7.8 pg/mL and 0 
pg/mL). 
 
The pre-coated plate was washed four times with 200 µl of 1X Wash Buffer. 50 μL of 
Assay Buffer B was added to each well, then added 50 μL of standard dilutions of samples 
(diluted 1:10 in Assay Buffer B) in two repeats. The plate was incubated at room 
temperature for 2 h on a shaking platform at 100 rpm. After incubation, the plate was 
washed four times with 200 μL of 1X Wash Buffer. Then 100 μL of Mouse CXCL13 
Detection Antibody solution was added, the plate was sealed and incubated at room 
temperature for 1 h on a shaking platform. The plate was washed four times with 200 μL 
1X Wash Buffer. Then 100 μL of Avidin-HRP solution was added, following incubation at 
room temperature for 30 min on a shaking platform. After incubation, the plate was 
washed five times with 200 μL of 1x Wash Buffer with 1 min soaking of the wells between 
washes to minimize the background. Then 100 μL Substrate Solution F was added and the 
plate was incubated away from the light. The reaction was stopped by adding 100 μL of 
Stop Solution in each well. Absorbance was read at 450 nm and 570 nm immediately.  
 
 
3.2.5 Protein extraction from colon tissue 
 
Protein extraction from the colons of tested mice was made in order to determine the total 
quantity of protein present in the colon samples.  
 
Colons were stored at -80°C. Mortar and pestle were prepared on dry ice. Protease 
inhibitors solution and dounce homogenizer were put on ice. The sample of colon was 
crushed with the pestle inside the mortar, and then added into a cryotube. Then 800 µL of 
Protease inhibitors solution was added to the sample and mixed. Afterwards the sample 
was put in a dounce homogenizer and mixed 20-times. The sample was moved back to the 
cryotube and added 1% of Triton X-100. The cryotube was incubated on dry ice for 3 min 
following by 3 min in a bath at 37°C. The sample was centrifuged for 5 min, at 10.000 g. 
After centrifugation the supernatant was took out and its volume was measured.  
 
After the preparation of tissue lysates, Pierce™ BCA Protein Assay Kit, (Thermo 
Scientific, Number: 23227) was used to determine the total protein concentration. BCA 
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Protein Assay is a biochemical assay based on bicinchoninic acid (BCA), used for 
determining the total concentration of protein in a sample solution. The total concentration 
of protein is determined by the change of colour of the sample solution, which correlate 
with protein concentration and can be measured by spectrophotometer. The method 




 by the peptide bonds from proteins in an 
alkaline medium, and the chelation of two BCA molecules with one cuprous ion. This 
water soluble complex has a strong absorbance at 562 nm that we can measure and it is 
nearly linear to the protein concentration present in the sample (Copper-based assay 
chemistries, 2019). 
 
For the BCA Protein Assay, the dilution for the standard curve was prepared according to 
the manufacturer's protocol. Samples were prepared by diluting lysates 1:2 in protease 
inhibitors solution. The 96-well plate was prepared and added 25 µL of either sample or 
standard to separate wells. WR solution was prepared by mixing 50:1 BCA Reagent A and 
Reagent B, respectively. Then 200 µL of WR was added per well followed by an 
incubation of 30 min at 37°C in the dark. After the incubation, the plate was read in a 
spectrophotometer at wavelength 560 nm. 
 
 
3.2.6 Quantification of mouse CXCL13 (BLC) in colon extracts 
 
For accurate quantification of mouse CXCL13 (BLC) in colon samples acquired from 
tested mice a LEGEND MAX™ Mouse CXCL13 (BLC) ELISA kit was used (BioLegend, 
Inc., Cat. No. 441907). 
 
The kit as well as the procedure of this test is the same as in the quantification of mouse 
CXCL13 in serum.  
 
Colon samples were obtained from untreated mice injected with DPBS (Blank), and DSS-
treated mice injected with DPBS (Control), with PRP-B0_3 protein or treated with 
minocycline. Four samples for each of the treatments were used. A standard curve with 
known concentrations was made as a reference to determine the unknown concentrations 
of the samples. 
  
3.2.7 Statistical analysis 
 
Statistical analysis and scientific graphing were performed using the Graphpad Prism 6 
software (Graphpad software, Inc, La Jolla, CA, USA). Body weights and clinical score 
data (DAI) were analyzed using a Two-way analysis of variance (2-way ANOVA) 
followed by Bonferroni’s post-hoc test. Areas under the dosing curves (AUC) and colon 
parameters data (weight and length) were determined using a One-way analysis of variance 
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(1-way ANOVA), followed by Bonferroni’s post-hoc test. One-way ANOVA, corrected 
for multiple comparisons using the Dunnett’s method, was employed to assess endotoxin 
and CXCL13 cytokine levels. Data are expressed as mean values ± SEM. In all cases, a P 
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3 RESULTS 
 
The goal of this study was to observe whether PRP-B0 treatment was able to inhibit the 
inflammation induced in the DSS-induced model of colitis. With that objective our 
research group administered PRP-B0 subcutaneously at 50 µg/mouse. In that study, the 
antibiotic minocycline was used as a control reference treatment (Garrido-Mesa et al., 
2011). 
 
During the experiment, clinical parameters such as animal body weight, occurrence of 
diarrhoea and the presence of gross blood in the faeces for each mouse were evaluated and 
gathered to calculate the disease ongoing score or DAI.  
 
Once mice were sacrificed, their colon was weighed, their length measured and scored for 
macroscopically visible damage on a 0-3 scale. With these colonic parameters, they 
evaluated the colon inflammatory status caused by DSS administration. 
 
PRP-B0, administered at repeated doses of 50 µg, subcutaneously, at days 4, 6 and 8, once 
colitis was completely established, was able to mitigate the inflammatory pathology in 
DSS colitic mice. 
 
 
4.1 CLINICAL PARAMETERS 
 
The administration of DSS at a concentration of 2% (w/v) for 5 days induced a colonic 
inflammatory status similarly to what was previously described (Melgar et al., 2005; 
Garrido-Mesa et al., 2011; Randhawa et al., 2014). The colonic inflammatory process 
induced by DSS was associated to a decrease in mice body weight when compared to non-
colitic mice (Blank group) clearly observable from day 6 after DSS administration, most 
probably due to anorexia and the presence of diarrhoea in colitic control group. These 
differences started between experimental days 5 and 6 and progressively increased during 
the course of the experiment, correlating with the severity of the inflammation and colitis 
progression (Figure 4). 
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Figure 4: ∆ Body Weight (% body weight loss vs. day 0): Effects of PRP-B0 and minocycline in the change 
of body weight in the DSS-induced colitis model in mice. Results are expressed as mean ± SEM. **p<0.01, 
***p<0.001 vs. Control group (2-way ANOVA). 
Slika 4: Spremembe v telesni teži (% izgube telesne teže v primerjavi z dnevom 0): učinki PRP-B0 in 
minociklina na spremembo telesne teže pri modelu kolitisa, ki ga inducira DSS pri miših. Rezultati so 
izraženi kot srednja vrednost ± SEM. ** p <0,01, *** p <0,001 v primerjavi s kontrolno skupino (dvosmerna 
ANOVA). 
 
In concordance with the weight loss, the DAI score was also increased progressively in 
control colitic mice throughout the study duration (Table 4, Figure 5). Similarly, DAI AUC 
in control colitic group also showed a significant increase, raising up to a value of 9.65 ± 
1.21 (Figure 6). 
 
 
Table 4: Disease Activity Index (DAI) and Δ body weight values for experimental groups: blank, DSS 
control, PRP-B0 and minocycline. 
Preglednica 4: Indeks aktivnosti bolezni (DAI) in Δ vrednosti telesne teže za eksperimentalne skupine: slepa, 




Disease Activity Index (DAI) Δ BW 
AUC (d0-d9) % INH vs Control % (d9 vs d0) 
Blank 0,00 ± 0,00 --- 6,68 ± 0,79 
Control 9,65 ± 1,21 --- -16,41 ± 2,44 
PRP-B0 4,43 ± 1,10 ** 54,13 ± 11,36 -3,59 ± 2,84 *** 
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Figure 5: Effects of PRP-B0 in the evolution of colitis clinical score in the DSS-induced colitic mice. DAI 
values over the 9-day experimental period, based on the criteria proposed in Table 1. Results are expressed as 
mean ± SEM. **<p0.01, ***p<0.001 vs. control group (2-way ANOVA). 
Slika 5: Vplivi PRP-B0 na razvoj kliničnega rezultata kolitisa pri DSS-induciranem kolitisu pri miših. 
Vrednosti DAI v 9-dnevnem poskusnem obdobju. Vrednosti DAI v 9-dnevnem poskusnem obdobju na 
podlagi meril, predlaganih v preglednici 1. Rezultati so izraženi kot srednja vrednost ± SEM. ** <p0.01, *** 
p <0,001 v primerjavi z nadzorno skupino (dvosmerna ANOVA). 
 
 
Figure 6: AUC (area under the curve) was calculated from DAI score values for each group. **<p.0.01, 
***p<0.001 vs. Control Group (1-way ANOVA). 
Slika 6: AUC (ploščina pod krivuljo) smo izračunali iz vrednosti DAI za vsako skupino. ** <p.0.01, *** p 
<0,001 v primerjavi z nadzorno skupino (enosmerna ANOVA). 
 
 
The results obtained after daily administration of minocycline in this experimental protocol 
revealed that this compound clearly showed an intestinal anti-inflammatory effect. As 
expected, oral minocycline treatment prevented colitis induced by DSS, as evidenced by 
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the significant decrease observed in the DAI during the 9 days following DSS 
administration in comparison with untreated colitic mice (Figure 5), mainly associated with 
the reduced weight loss and also with higher faecal consistency. In fact, the mice of this 
group experienced moderate constipation for the first 5 days of experiment. After this 
period, the faeces were losing consistency although diarrhoea was never detected in the 
minocycline group. Colitic animals treated with PRP-B0 at days 4, 6 and 8 (group PRP-
B0_3) had a significantly reduced inflammatory response compared to the control group, 
showing a reduced body weight loss and a visible decrease in DAI values similarly to 
minocycline group (Figure 4, 5). 
 
Statistical differences were also evidenced in the percentage of body weight loss (day 9 vs. 
day 0) when compared the PRP-B0 with the control colitic animals. No statistical 
differences were observed between PRP-B0 and minocycline treatments. Therefore, 




4.2 COLONIC PARAMETERS 
 
Once mice were sacrificed at day 9 after DSS administration, macroscopic examination of 
the colonic specimens from the control group revealed absence of formed faecal pellets, 
extensive colon wall thickness increase and mucosal edema. The inflammatory status was 
evidenced by a significant increase of the colonic weight/length ratio in comparison with 
blank group (Table 5, Figures 7, 8). 
 
Oral minocycline treatment promoted the recovery of colonic weight/length ratio and a 
clear reduction of the ratio in comparison to colitic animals (Figure 7). Moreover, the 
intestinal anti-inflammatory effect was clearly evidenced macroscopically by a significant 
reduction in the colonic damage score in comparison with that of control mice (Figure 8). 
 
The PRP-B0 group effectively exerted an intestinal anti-inflammatory effect. In 
concordance with clinical parameters, the appearance of the colons from PRP-B0 group 
showed tendency to normality. Six out of eight mice presented formed faecal pellets, and 
colon wall thickness significantly less enlarged than those observed in control groups. 
Thus, macroscopic score was clearly reduced in almost all the animals of the group in 
comparison with the colitic group. This therapeutic treatment once colitis was established 
also promoted the recovery of colonic weight/length ratio, although this reduction did not 
reach statistical significance (Table 5).  
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Table 5: Colonic parameters of mouse for blank, DSS control, PRP-B0 and minocycline. 
Preglednica 5: Parametri črevesja miši za slepo, DSS kontrolo, PRP-B0 in minociklin. 
Experimental group Colon Length (cm) Colon weight (BW)/ 
Length ratio 
Macroscopic Score 
Blank 9,61 ± 0,28 0,88 ± 0,03 0,00 ± 0,00 
Control 7,42 ± 0,16 1,83 ± 0,07 4,25 ± 0,45 
PRP-B0 7,90 ± 0,24 1,57 ± 0,08 2,25 ± 0,45** 
Minocycline 8,11 ± 0,20 1,52 ± 0,08* 1,80 ± 0,33*** 
 
 
Figure 7: Effects of PRP-B0 in colonic parameters in the DSS-induced colitic mice. The colon weight/length 
ratio has been calculated by normalizing the weight of the colon with the weight of each animal and dividing 
the value by the length of the colon of each subject. Results are expressed as mean ± SEM. *p<0.05 vs. 
Control Group (1-way ANOVA). 
Slika 7: Učinki PRP-B0 na parametre črevesja pri kolitisu, induciranem z DSS pri miših. Razmerje 
masa/dolžina debelega črevesa je izračunano z normalizacijo mase debelega črevesa s težo vsake živali in 
deljenjem vrednosti z dolžino debelega črevesa vsake miši. Rezultati so izraženi kot srednja vrednost ± SEM. 
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Figure 8: Effects of PRP-B0 on Macroscopic score in the DSS-induced colitic mice. Results are expressed as 
mean ± SEM. **p<0.01, ***p<0.001 vs. Control group (1-way ANOVA). 
Slika 8: Učinki PRP-B0 na makroskopski rezultat pri kolitisu, povzročenem z DSS pri miših. Rezultati so 
izraženi kot srednja vrednost ± SEM. ** p <0,01, *** p <0,001 v primerjavi s kontrolno skupino (enosmerna 
ANOVA). 
 
4.3 PROTEOME PROFILER ARRAY 
 
In order to determine the presence of multiple cytokines, chemokines and acute phase 
proteins in the obtained mouse serum samples, a Proteome profile array (R&D Systems 
Europe, Ltd.Cat No. ARY006) was used. Mouse serum samples were obtained from the 
C57BL/6 DSS-induced colitis mouse model treated with PRP-B0 (50μg/mice of PRP-B0 at 
days 4, 6 and 8 after the colitis induction) (Figure 9c). In this experiment we also included 
the following groups: a) a blank group (C57BL/6 mice) (Figure 9a), b) a DSS control 
group (DSS-induced C57BL/6 colitic mice without treatment) (Figure 9b), and d) a DSS-
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Figure 9: Circulating cytokine profile after 10 minutes exposition. The density of each dot was quantified 
with Quantity One® software and displayed as mean pixel density for each cytokine and treatment. a) 
C57BL/6 mice, (Blank), b) DSS-induced colitic mice, c) DSS-induced colitic mice treated with PRP-B0, d) 
DSS-induced colitic mice treated with minocycline. 
Slika 9: Krožni citokinski profil po 10 minutni izpostavljenosti. Gostoto vsake točke smo količinsko 
opredelili s programsko opremo Quantity One® in prikazali kot povprečno gostoto pikslov za vsak citokin in 
zdravljenje. a) Mišji model C57BL/6, b) Induciran kolitis z DSS na mišjem modelu, c) Induciran kolitis z 









b) DSS control 
c)  PRP-B0 
d)  Minocycline 
31 
 
Anžič A. Therapeutic potential … pathway complement inhibitor analogue PRP-B0 in an acute inflammatory bowel disease model.  
    M. Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, Academic Study in Biotechnology, 2020  
Table 6: Coordinates of targets or controls represented in the Proteome profiler array. 
Preglednica 6: Preglednica koordinat tarč in kontrol vezanih na mrežo pri testu za ugotavljanje prisotnosti 


























Figure 10: Presence of different cytokines and chemokines in C57BL/6 mice (blank). The density of each dot 
was quantified with Quantity One® software and displayed as mean pixel density for each cytokine. 
Slika 10: Prisotnost različnih citokinov in kemokinov v modelu miši C57BL/6. Gostoto vsake točke smo 
količinsko ovrednotili s programom Quantity One® in prikazali kot povprečno gostoto pikslov za vsak 
citokin. 
Coordinate Target/Control 
C17, C18 IL-16 
C19, C20 IL-17 
C21, C22 IL-23 
C23, C24 IL-27 
D1, D2 CXCL10/IP-10 
D3, D4 CXCL11/I-TAC 
D5, D6 CXCL1/KC 
D7, D8 M-CSF 
D9, D10 CCL2/JE/MCP-1 
D11, D12 CCL12/MCP-5 
D13, D14 CXCL9 
D15, D16 CCL3 
D17, D18 CCL4 
D19, D20 CXCL2 
D21, D22 CCL5 
D23, D24 CXCL12 
E1, E2 CCL17 
E3, E4 TIMP-1 
E5, E6 TNF-alpha 
E7, E8 TREM-1 
F1, F2 Reference Spot 
F23, F24 PBS 
Coordinate Target/Control 
A1, A2 Reference spot 
A23, A24 Reference spot 
B1, B2 CXCL 13/BLC/BCA-1 
B3, B4 C5A/C5a 
B5, B6 G-CSF 
B7, B8 GM-CSF 
B9, B10 CCL1/I-309 
B11, B12 CCL11/Eotaxin 
B13, B14 ICAM-1 
B15, B16 IFN-gamma 
B17, B18 IL-1 alpha/IL-1F1 
B19, B20 IL-1 beta/IL-1F2 
B21, B22 IL-1ra/IL-1F3 
B23, B24 IL-2 
C1, C2 IL-3 
C3, C4 IL-4 
C5, C6 IL-5 
C7, C8 IL-6 
C9, C10 IL-7 
C11, C12 IL-10 
C13, C14 IL-12 p70 
C15, C16 IL-13 
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Figure 11: Presence of different cytokines and chemokines in C57BL/6 DSS-induced colitic mice without 
treatment. The density of each dot was quantified with Quantity One® software and displayed as mean pixel 
density for each cytokine. 
Slika 11: Prisotnost različnih citokinov in kemokinov v mišjem modelu C57BL/6 v kolitičnih miših, ki jih 
povzroči DSS, brez zdravljenja. Gostota vsake pike je bila količinsko določena s programsko opremo 
Quantity One® in prikazana kot povprečna gostota pikslov za vsak citokin. 
 
 
Figure 12: Presence of different cytokines and chemokines in C57BL/6 DSS-induced colitic mice treated 
with PRP-B0. The density of each dot was quantified with Quantity One® software and displayed as mean 
pixel density for each cytokine. 
Slika 12: Prisotnost različnih citokinov in kemokinov v modelu miške C57BL/6 v kolitičnih miših, ki jo 
povzroči DSS, in po zdravljenju s PRP-B0. Gostota vsake točke je bila količinsko opredeljena s programsko 
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Figure 13: Presence of different cytokines and chemokines in C57BL/6 DSS-induced colitis mice treated 
with minocycline. The density of each dot was quantified with Quantity One® software and displayed as 
mean pixel density for each cytokine. 
Slika 13: Prisotnost različnih citokinov in kemokinov v modelu miške C57BL/6 v kolitičnih miših, ki jo 
povzroča DSS, po zdravljenju z minociklinom. Gostota vsake pike je bila količinsko določena s programsko 
opremo Quantity One® in prikazana kot povprečna gostota pikslov za vsak citokin. 
 
 
Figure 14: Comparison of the presence of cytokines and chemokines in different groups; Non-treated mice 
(Blank), DSS-induced colitic mice, and DSS colitic mice after treatment with PRP-B0 or minocycline. (n=4 
mice/group). 
Slika 14: Primerjava prisotnosti citokinov in kemokinov v različnih mišjih modelih C57BL/6; mišji model 
C57BL/6, mišji model s kolitisom induciranim z DSS brez zdravljenja in po zdravljenju z PRP-B0 ali 
minociklinom. (n=4 miši/skupino). 
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From the obtained results we can notice an abundant presence of CXCL13 in DSS-induced 
colitic mice, which was absent in the blank, PRP-B0-treated or minocycline-treated mice. 
Also, a noticeable effect is seen in the local presence of G-CSF, IL-1ra, CXCL1 and 
TIMP-1 in the DSS-induced colitic mice. sICAM-1, CXCL12 and M-CSF do not show any 
significant difference between the different groups. Validation of the chemokine CXCL13 
was performed in individual mouse samples (n=4 mice/group) by a specific ELISA. 
 
 
4.4 LEGEND MAX™ MOUSE CXCL13 (BLC) ELISA KIT IN MOUSE SERUM 
 
In order to get an accurate quantification of chemokine CXCL13 (BLC) in mouse serum, 
the Mouse CXCL13 (BLC) ELISA Kit (BioLegend, Inc., Cat. No. 441907) was used. 
CXCL13 (BLC) was tested in serum from mice untreated and injected with DPBS (Blank), 




Figure 15: Presence of CXCL13 (BLC) in mouse serum of Blank, DSS-induced colitic mice, and DSS-
induced colitic mice treated with either PRP-B0_3 or minocycline (n=4 mice/group). Data are expressed as 
mean values ± SD (**p<0.01 vs. DSS group (1-way ANOVA). 
Slika 15: Prisotnost CXCL13 (BLC) v serumu mišjega modela brez induciranega kolitisa, mišjega modela s 
kolitisom induciranim z DSS brez zdravljenja in po zdravljenju z PRP-B0 ali minociklinom. (n= 4 
miši/skupino). Podatki so izraženi kot povprečne vrednosti ± SD (** p <0,01 v primerjavi s skupino DSS (1-
smerna ANOVA). 
 
CXCL13 (BLC) is present in DSS-induced colitic mice at the highest concentration. Upon 
treatment with minocycline there is a decrease of the concentration of CXCL-13. Even 
higher decrease of CXCL-13 is observed in DSS-induced colitic mice treated with PRP-
B0_3 in comparison with untreated, DSS-induced colitic mice.  
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4.5 LEGEND MAX™ MOUSE CXCL13 (BLC) ELISA KIT IN COLON TISSUE 
EXTRACTS 
 
In order to get an accurate quantification of chemokine CXCL13 (BLC) in mouse colon 
samples we used the Mouse CXCL13 (BLC) ELISA Kit (BioLegend, Inc., Cat. No. 
441907). CXCL13 (BLC) was tested in colon samples obtained from mice untreated and 
injected with DPBS (blank), and from DSS-treated and injected with DPBS (control), with 




Figure 16: Presence of CXCL13 (BLC) in mouse colon tissue samples from blank, DSS-induced colitic mice, 
and DSS-induced colitic mice treated with either PRP-B0_3 or minocycline. Data are expressed as mean 
values ± SD (**p<0.01 vs. DSS group (1-way ANOVA). 
Slika 16: Prisotnost CXCL13 (BLC) v vzorcu črevesja mišjega modela brez induciranega kolitisa, mišjeega 
modela s kolitisom induciranim z DSS brez zdravljenja in po zdravljenju z PRP-B0 ali minociklinom. 
Podatki so izraženi kot povprečne vrednosti ± SD (** p <0,01 v primerjavi s skupino DSS (enosmerna 
ANOVA). 
 
In Figure 16 we can observe that the CXCL13 (BLC) protein in tissue extracts is present at 
the highest concentration in DSS-induced colitic mice. The concentration of CXCL13 is 
negligible after treatment with either PRP-B0 or minocycline, in comparison with 
untreated, DSS colitic mice. 
 
 
4.6 MOUSE ENDOTOXIN- ELISA 
 
To quantitatively detect endotoxins in mouse serum, a Mouse Endotoxin ELISA Kit 
(MyBiosource, Inc., Cat No. MBS263664) was used. The serum was obtained from 
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C57BL/6 mice. We compared the presence of endotoxin in mouse serum from mice 
untreated and injected with DPBS (Blank), and DSS-treated and injected with DPBS 
(control), with PRP-B0_3 protein or treated with minocycline.  
 
 
Figure 17: Mouse endotoxin levels present in different mouse model: In non-induced, untreated mice 
(Blank), DSS-induced colitic mice without treatment, and DSS-induced colitic mice treated with PRP-B0 or 
minocycline (n=4 mice/group). Data are expressed as mean values ± SD (*p<0.05 vs. DSS group (1-way 
ANOVA). 
Slika 17: Koncentracije mišjega endotoksina prisotnega v različnih mišjih modelih: V mišjem modelu 
C57BL/6, mišjem modelu s kolitisom induciranim z DSS brez zdravljenja in po zdravljenju z PRP-B0 ali 
minociklinom (n= 4 miši/skupino). Podatki so izraženi kot povprečne vrednosti ± SD (* p <0,05 v primerjavi 
s skupino DSS (enosmerna ANOVA). 
 
Endotoxin was present at the highest levels in DSS-induced colitic mice. There was a 
slight increase of endotoxin visible in DSS colitic mice treated with minocycline. DSS 
colitic mice treated with PRP-B0_3 had significantly lower levels of endotoxin compared 
to DSS colitic mice.   
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5 DISCUSSION 
 
The murine models have become a standard for inducing different disease conditions based 
on which potential therapeutics are applied and evaluated (Chassaing et al., 2014). The 
most commonly used murine models are chemically induced mouse models due to their 
simple handling (Randhawa et al., 2014; Chassaing et al., 2014).  
 
DSS is the chemical that is most commonly used for inducing intestinal inflammation in 
murine models and causes damage of the intestine similar to ulcerative colitis (Chassaing 
et al., 2014; Randhawa et al., 2014). In our study we wanted to evaluate whether the PRP-
B0 has a therapeutic effect on the DSS-induced colitis model and how often should it be 
applied in order to have a positive effect on intestinal damage caused by DSS. 
 
The results of this study demonstrate that PRP-B0 significantly improved the overall 
colonic damage made by DSS. In a previous study by our research group (unpublished 
data) they concluded that the best administration schedule of PRP-B0 were repeated doses 
of 50 μg, subcutaneous, at days 4, 6 and 8 (PRP-B0_3) once colitis was completely 
established (therapeutic or curative treatment). In that study it was shown that PRP-B0_3 
treatment might affect the activation of dendritic cells with an end effect of lowering the 
inflammation. These results are similar to the study made by Olivar et al. (2013) in which 
they have proven that after applying the acute phase protein C4BP(ß-), dendritic cells were 
rendered toward anti immature phenotype through decreasing of Th1 proinflammatory 
cytokines such as TNF, IFN-γ, IL-6, IL-8, IL-12 and increasing the anti-inflammatory 
cytokine IL-10, also leading to an increase in their capacity of differentiation of T cells 
towards a regulatory phenotype.  
 
In order to determine the presence of inflammatory cytokines in the serum and colon tissue 
extracts at the end of the study, a cytokine array including 40 mouse cytokines, 
chemokines and acute phase proteins was made. Results evidenced CXCL13 and other 
inflammatory factors present at highest levels in DSS-induced colitic mice in comparison 
to PRP-B0-treated DSS colitic mice. Thus, local increase of these inflammatory factors 
could be prevented by PRP-B0 or minocycline treatment and can present therapeutic 
potential in the treatment of IBD.  
 
Based on our results of all relevant cytokines and chemokines analysed, chemokine 
CXCL13/BCA-1 is the one PRP-B0 has the biggest effect on, as it has been lowered the 
most after the treatment. CXCL13 is a known B-lymphocyte chemoattractant that is 
constitutively produced by stromal cells in lymphoid follicles of human lymph nodes 
(Wong et al., 2010; Legler et al., 1998). It is highly expressed in a variety of chronic 
inflammatory conditions, such as lupus, multiple sclerosis and rheumatoid arthritis (Wong 
et al., 2010). Moreover, several studies suggest that CXCL13 is involved in the formation 
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of organised lymphoid tissue and therefore an abnormal expression of CXCL13 can induce 
the formation of organised lymphoid tissue (Luther et al., 2000). It is also indicated that 
induction of CXCL13 and other lymphoid tissue inducing chemokines at sites of 
inflammation can transform the acute lesion to a chronic state (Carlsen et al., 2002). Thus 
lowering the chemokine activity would have a potential for treatment of inflammatory 
diseases such as IBD. 
 
Our results show that PRP-B0 lowered significantly the concentration of CXCL13 in both 
serum and colon, which might prevent CXCL13-driven lymphoid structure formation. The 
mechanism behind the low level induction of this chemokine is still not completely known. 
Thus, further studies are needed in order to figure out the exact mechanism behind it.  
 
PRP-B0 has also a positive effect in decreasing the concentrations of G-CSF, IL-1Ra, 
CXCL1 and TIMP-1. Finally, no significant differences in CXCL12, sICAM and M-CSF 
levels were noticed. 
 
Furthermore, an ELISA for CXCL13/BCA-1 was performed, since this chemokine was the 
one PRP-B0 had the biggest effect on. The effect of PRP-B0-induced lowering of CXCL13 
can thus be one of the possible targets to reduce inflammation. 
 
Data obtained from CXCL13 ELISA show that DSS-induced colitic mice treated with 
PRP-B0_3 had significantly lower concentration of CXCL13 in serum. Therefore, PRP-
B0_3 confirms our prediction that it is indeed a potential protein that can be used for 
treatment of inflammatory bowel disease. 
 
ELISA for CXCL13/BCA-1 was also performed from colon tissue. Data obtained from this 
ELISA show similar results than data obtained from the serum of mice. We observed that 
the concentration of CXCL13 was lowered significantly after treatment with PRP-B0. 
From that, we can conclude that PRP-B0 has a similar effect on both serum and colon 
tissue. 
 
In the next phase, a Mouse Endotoxin ELISA was performed to assess whether the bowel 
barrier was damaged and inflammation ensued. The damage of the bowel barrier is caused 
by degradation of tight-junction proteins that hold the barrier together. Therefore, it 
becomes more susceptible for different infiltrates of neutrophils, lymphocytes, plasma cells 
and macrophages that invade the intercellular space (Valatas et al., 2013; de Mattos et al., 
2015). The immune system can recognize these invaders and act by releasing cytokines 
and attracting other immune cells in order to eliminate the intruders resulting in 
inflammation (Valatas et al., 2013). 
 
With the Mouse Endotoxin ELISA we wanted to analyze whether the application of PRP-
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B0_3 would protect the barrier from being damaged and, therefore, would maintain its 
integrity regarding the invasion of neutrophils, lymphocytes, plasma cells and 
macrophages toward the intercellular space.  
 
The results from ELISA show that there has been a positive effect of PRP-B0 on DSS-
induced colitic mice with a significant lowering of the level of endotoxin in comparison to 
untreated, DSS colitic mice. Interestingly, DSS-induced colitic mice treated with 
minocycline showed a slight increase of endotoxin levels. We can determine that the 
treatment with PRP-B0 shows positive results in lowering the endotoxin levels inducing 
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6  CONCLUSIONS 
 
In this work we investigated the role of PRP-B0 on DSS-induced colitis model. The 
assumption was that PRP-B0 would lower the concentration of proinflammatory cytokines 
and therefore improve the damaged intestine caused by DSS.  
 
We proved that repeated doses of PRP-B0 of 50 μg, subcutaneous, at days 4, 6 and 8 (PRP-
B0_3) once colitis was completely established (therapeutic or curative treatment) improved 
colonic damage significantly in acute DSS-induced colitis in mice. 
 
We conclude that PRP-B0_3 significantly lowered the concentration of chemokine 
CXCL13/BCA-1 in both serum and colon tissue from DSS-induced colitic mice. 
  
Through ELISA we confirmed that PRP-B0 has a positive effect on lowering endotoxins 
presumably through maintaining the integrity of the bowel barrier and reducing 
inflammation in DSS-induced colitic mice. 
 
To define PRP-B0 signalling in different immune cells and to examine the different 
pathways leading to its anti-inflammatory and immune regulatory activities more 
experiments should be conducted. A first step would be to repeat the PRP-B0 treatment on 
other models of ulcerative colitis and Crohn’s disease in order to prove its efficiency. 
Lastly, the protein should be tested on the samples of blood from colitis patients in order to 
assess whether dendritic cells do not differentiate and stay in a tolerogenic state after 
application of PRP-B0. 
 
So far the results are promising and for that reason we can conclude that PRP-B0 has a big 
potential for reducing the inflammation and, therefore, seems a promising approach as 
biological treatment for inflammatory bowel disease. However, further research is still 
needed in order to completely evaluate and confirm the possibility of PRP-B0 to be applied 
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Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the 
gastrointestinal tract that includes two major conditions: Crohn’s disease (CD) and 
ulcerative colitis (UC). Both of them affect the gastrointestinal tract and generate similar 
symptoms, which can include diarrhea, rectal bleeding, abdominal pain and weight loss 
(Kim et al., 2012). They are considered as complex conditions with their 
pathophysiological mechanisms not yet fully understood. 
 
The main focus of treating IBD so far was focused towards strategies that affect the 
immune response. Treatment usually includes aminosalicylates, corticosteroids, 
azathioprine, mercaptopurine, methotrexate or antibiotics (Wilson et al., 2016). In recent 
years, more novel biological therapies are being used. The advantage of treatment with 
biological molecules is its high specificity and its direct mechanism of action. The 
downside of it is that the treatment is still highly costly. In addition, long-term therapy with 
biological drugs can also cause immunogenicity, with the generation of antibodies against 
the drug, which develop delayed infusion reactions, resulting in a reduced duration of the 
patient response to each injection or infusion (de Mattos et al., 2015). The development of 
new therapies for the treatment of IBD initially involves the use of experimental models 
with laboratory animals (mainly mice) prior to their application in humans (Randhawa et 
al., 2014; Valatas et al., 2013).  
 
One of the most used experimental models to evaluate intestinal inflammation in mice 
refers to the dextran sulfate sodium (DSS)-induced colitis model. DSS administration to 
the drinking water induces acute or chronic colitis (depending on the protocol) in mice, 
which is characterized by direct mucosal or submucosal damage. This inflammation is 
particularly severe in the distal colon and shares many clinical, immunological and 
histological characteristics with human IBD, especially UC (Perše and Cerar, 2012; 
Valatas et al., 2013).  
 
C4b-binding protein (C4BP) is a large oligomeric plasma glycoprotein. It is a major 
soluble inhibitor of the classical and lectin pathways of complement activation and also has 
anti-inflammatory and immunomodulatory functions (Olivar et al., 2013). It has been 
reported that C4BP(ß-) isoform is capable to inhibit the development of autoimmune 
arthritis in mice, even though it was only slightly affecting complement activity (Blom et 
al., 2009).  
 
Our study reveals a new mechanism of action in which an analogue of C4BP(ß-) called 
PRP-B0 might affect activation of dendritic cells (DCs). We predicted that the DCs treated 
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with PRP-B0 will lower Th1 proinflammatory cytokines (IL-12, TNF, IFNγ, IL-6, IL-8) 
and increase IL-10, an anti-inflammatory cytokine that inhibits Th1-immune response and 
therefore induces differentiation of T cells toward a suppressor or regulatory phenotype 
(Olivar et al., 2013). 
 
In this work we investigated the role of PRP-B0 on the DSS-induced colitis model. The 
assumption was that PRP-B0 would lower the concentration of proinflammatory cytokines 
and therefore improve the damaged intestine caused by DSS. 
 
We performed an experiment using C57BL/6 male mice that lasted 9 days. We induced the 
condition similar to ulcerative colitis using 2% DSS at day 0. Animals where then treated 
with either PRP-B0 (50 μg) subcutaneously, under the schedule PRPB0_3 (days 4, 6, and 
8). We also made a blank (-DSS) and a control (+DSS) group which were injected with 
DPBS, and DSS-induced colitic group undergoing daily treatment with minocycline (50 
mg/kg, oral intake), which represented the reference treatment. Mice were observed and 
recorded daily for their weight, presence of gross blood in faeces and stool consistency. 
Afterwards animals were sacrificed, and DAI score was calculated for each animal in order 
to evaluate the colon inflammatory status.  
 
We conclude that DSS caused an inflammatory condition similar to ulcerative colitis. The 
inflammatory condition was associated to a decrease in body weight of the mice, compared 
to non-colitic mice, clearly observed after day 6 of DSS administration. In concordance 
with the weight loss, the DAI score also increased in control mice during the study. The 
results obtained after treatment with minocycline showed that the compound prevented 
colitis induced by DSS due to it effect on reducing the inflammation. The positive effect 
was seen in DAI score in comparison with non-colitic mice, mainly associated with 
reduced weight loss and higher faecal consistency.  
 
Mice treated with PRP-B0 also showed a positive effect in the DSS-induced colitis model. 
PRP_B0 treatment administrated at days 4, 6 and 8 (PRP-B0_3) showed a significantly 
reduced inflammatory response in comparison to the control group. The differences were 
most visible regarding reduced body weight loss and decreased DAI values, which were 
similar to the minocycline group. Moreover, PRP-B0_3 treatment showed no significant 
differences in daily DAI in comparison with minocycline treatment except on days 8 and 9.  
 
We then determined the presence of multiple cytokine and chemokines in mouse serum 
samples with the Proteome profile array. The samples were taken from untreated mice, 
DSS-induced colitic mice and DSS-induced colitic mice treated with either PRP-B0 or 
minocycline. We noticed that treatment with PRP-B0 had the biggest effect reducing the 
levels of chemokine CXCL13/BCA-1. Afterwards, we confirmed the above results 
performing an accurate quantification of chemokine CXCL13 in mouse serum through the 
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Mouse CXCL13 ELISA Kit.  
 
We continued with protein extraction from the colons of the tested mice. We did the 
extraction for untreated mice, DSS-induced colitic mice and DSS-induced colitic mice 
treated with either PRP-B0 or minocycline. 
 
After the preparation of tissue sample extracts we used the BCA Protein Assay Kit in order 
to determine the total concentration of protein in the colon samples. We concluded that 
each of the samples had enough quantity of protein to perform an ELISA to determine the 
concentration of chemokine CXCL13 in the colon tissue.  
 
With these assays we established that chemokine CXCL13 (BLC) is induced in DSS colitic 
mice at the highest concentration, and PRP-B0 treatment is able to reduce the presence of 
the chemokine both in the circulation and in the tissue. Moreover, we compared the 
presence of endotoxins in mouse serum. We observed that endotoxins were present at the 
highest concentration in DSS-induced colitic mice and PRP-B0 treated mice had a 
significantly reduced presence of endotoxins in circulation.  
 
So far, all the results look promising and, therefore, we can conclude that PRP-B0 shows 
potential for therapeutic use, to reduce the presence of inflammatory factors and to 
ameliorate significantly the colonic damage in acute DSS-induced colitis in mice, and 







Kronična vnetna črevesna bolezen (KVČB) je ponavljajoča se vnetna motnja 
gastrointestinalnega trata (Choy in sod., 2017). Ocenjujejo, da KVČB prizadene približno 
5 milijonov ljudi po vsem svetu. Bolezen se pojavlja pri obeh spolih enako, ne glede na 
starost, a je bolj pogosta pri mladostnikih ali mladih odraslih v starosti med 15-35 letom 
(What is IBD, 2019). 
 
Zaradi njune široke razširjenosti v svetovni populaciji, sta najbolj preiskovana tipa bolezni 
KVČB, Crohnova bolezen (CD) in ulcerozni kolitis (UC) (de Mattos in sod., 2015). Oba 
vplivata na gastrointestinalni trakt in povzročata podobne simptome, ki lahko vključujejo 
diarejo, rektalno krvavitev, bolečine v trebuhu in izgubo teže (Kim in sod., 2012). Za obe 
bolezni je značilno obdobje poslabšanja simptomov, kateremu sledi obdobje intervalov 
remisije. Prištevamo ju med kompleksni stanji, katerih patofiziološki mehanizmi še niso 
popolnoma razumljeni. Čeprav njun izvor še ni povsem razjasnjen, obstaja splošno mnenje, 
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da sta stanji sproženi s kombinacijo genetskih predispozicij (prirojena in pridobljena 
imunost, citokini in etnične razlike), mikrobiote, imunoloških nepravilnosti in okoljskih 
dejavnikov (hrana, uporaba drog, kajenje, okužbe, zgodnja izpostavljenost antibiotikom), 
kar posledično lahko povzroči vnetje črevesja (Garrido-Mesa in sod., 2011; Chen in 
Sundrud, 2016; Iida in sod., 2019; Randhawa in sod., 2014). 
 
Gastrointestinalni trakt neprestano uravnava črevesno floro in modulira imunski odziv na 
antigene hrane ali drugih snovi in s tem vzdržuje homeostazo. Pri vzdrževanju homeostaze 
igra pomembno vlogo prirojeni imunski odziv. Zato neustrezno delovanje prirojene 
imunske aktivnosti povzroči izgubo homeostaze, kar vodi v kronično vnetje in pojav 
KVČB (Choy in sod., 2017; Iida in sod., 2019). 
 
Prirojen imunski sistem je sestavljen iz anatomskih ovir in receptorjev, ki zaznajo 
strukturne vzorce mikroorganizmov ter različnih celic, med katerimi so nevtrofilci, 
dendritične celice, naravne celice ubijalke, monociti in makrofagi. Vsi ti omogočajo hiter 
in učinkovit vnetni odziv na napad patogena. Ta odziv predstavlja prvo linijo obrambe in 
aktivira pridobljen imunski sistem preko proizvodnje citokinov, predstavitve antigenov in 
aktivacije celic T. Na splošno velja, da je KVČB posledica nepravilnosti v tako prirojeni 
kot tudi pridobljeni imunosti preko izražanja provnetnih in protivnetnih molekul, kar ima 
kot posledico kronično črevesno vnetje in uničenje tkiva (Park in sod., 2017). Čeprav so 
dejavniki pri CD in UC podobni, ju obravnavamo kot dve različni motnji z različnimi 
patogenimi mehanizmi (Danese in sod., 2016). 
 
Prvi tip, Crohnova bolezen, lahko vpliva na katerikoli del gastrointestinalnega trakta, 
vendar običajno prizadene regije terminalnega ileuma in debelega črevesja (Randhawa in 
sod., 2014). Prizadene vse plasti črevesne stene in v zgodnjem stanju na sluznici povzroči 
tvorbo fistul, razjed in granulomov, katerim sledi fibroza (de Mattos in sod., 2015; Valatas 
in sod., 2013). Klinični znaki vključujejo diarejo, bolečine v trebuhu in izgubo telesne teže. 
Poleg tega se pri metastatski Crohnovi bolezni lahko pojavijo tudi spremembe na koži, 
mišicah ali kosteh. Na splošno velja, da ima CD genetsko ozadje, saj imajo sorodniki 
prvega reda prizadetih posameznikov do petkrat večje tveganje za razvoj bolezni (de 
Mattos in sod., 2015). Za CD je značilna pretirana aktivacija celičnega odziva Th1 
(Randhawa in sod., 2014). Zanj je značilno lokalizirano sproščanje nekaterih citokinov kot 
so IL-12, IL-18, IL-23, IL-6 in TNF-𝛼 s strani dendritičnih celic in makrofagov. Ti citokini 
spodbudijo odziv Th1 in Th17 celic T, kar povzroči izločanje provnetnih citokinov IL-2, 
IL-17, TNF-𝛼 in IFN-𝛾 (Valatas in sod., 2013). Poleg tega citokini Th1 spodbudijo tudi 
antigen predstavljajoče celice, da te izločijo širok spekter vnetnih citokinov, kot so IL-1, 
IL-6, IL-8, IL-12 in IL-18 in tako pridobijo samooskrben cikel (de Mattos in sod., 2015). 
 
Drug pogost tip KVČB je ulcerozni kolitis (UC), za katerega so značilne vnetne lezije, ki 
običajno prizadenejo debelo črevo (Randhawa in sod., 2014). V nasprotju s Crohnovo 
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boleznijo vnetje povzroči površinske ulceracije in granulome, ki so omejeni le na sluznico 
in podsluznico (Valatas in sod., 2013). Podobno kot pri Crohnovi bolezni klinični znaki 
vključujejo diarejo, rektalne krvavitve in izgubo telesne teže (Kozlowski in sod., 2013). 
Vključujejo lahko tudi sproščanje krvi in sluzi ter granulacijo tkiv. V težji obliki bolezni 
lahko pride do raztrganin črevesja, kar povzroči globoko ulceracijo in perforacijo črevesja. 
Kljub temu ima lahko črevesje v obdobju remisije normalen videz (de Mattos in sod., 
2015). 
 
Za ulcerozni kolitis je značilen netipični odziv Th2 in odziv naravnih T celic ubijalk 
(Valatas in sod., 2013). Pri tem pride do povečanega izločanja IL-13, ki je odgovoren za 
vnetje in kronično stanje ter izločanje IL-5, IL-4, IL-10 in IL-9, ki blokirajo proliferacijo 
črevesnih epitelnih celic in uravnavajo izražanje proteinov s tesnimi stiki (Valatas in sod., 
2013; de Mattos in sod., 2015). Odzivi celic T sprožijo vnetje, ki vključuje aktivacijo 
endotelija, izločanje kemokinov in aktivacijo belih krvnih celic, kar privede do zgostitve in 
goste infiltracije nevtrofilcev, makrofagov, limfocitov in plazemskih celic na sluznično 
plast črevesne stene, ki napadejo epitelij in povzročajo površinske razjede in kriptni absces 
(Valatas in sod., 2013; Randhawa in sod., 2014). Na splošno je UC posledica neprimernega 
vnetnega odziva gostitelja, ki omogoča črevesnim mikrobom, da prodrejo skozi 
poškodovano epitelno pregrado (Kozlowski in sod., 2013).  
 
KVČB je zelo zapletena bolezen, ki vključuje ogromno raznolikost črevesne flore, zato je 
tudi zdravljenje te bolezni zapleteno in je odvisno od več dejavnikov kot so tip, obseg in 
razvoj bolezni (Wilson in sod., 2016). Glavni poudarek zdravljenja KVČB je osredotočeno 
na strategije, ki imajo vpliv na imunski odziv. Začetno zdravljenje običajno vključuje 
aminosalicate ali kortikosteroide, medtem ko se neodzivno ali kronično že aktivno KVČB 
zdravi z azatioprinom, merkaptopurinom ali metotreksatom (Wilson in sod., 2016). 
 
Tudi antibiotiki se uporabljajo za zdravljenje KVČB, vendar njihov mehanizem delovanja 
še ni popolnoma znan. Po eni strani je bil narejen sistematični pregled, v katerem so prišli 
do zaključka da lahko sami antibiotiki ali v kombinaciji, povzročijo remisijo v aktivni CD 
in UC s svojimi protimikrobnimi lastnostmi. Po drugi strani pa so nekatere študije 
pokazale, da imajo antibiotiki sposobnost modulacije tako prirojenih kot pridobljenih 
imunskih odzivov preko neposrednega vpliva na različne vnetne celice in s tem pozitivno 
vplivajo na KVČB (Garrido-Mesa in sod., 2011). Zato velja, da je kombinacija obeh, tako 
protimikrobnih kot imunomodulatornih lastnosti tista, ki daje pozitivne rezultate pri 
zdravljenju KVČB. Predvsem minociklin naj bi se izkazal kot eden izmed koristnih 
antibiotikov za zdravljenje vnetega črevesja, saj je prikazal dobre protivnetne učinke v 
poskusnih modelih glodavcev z kolitisom, s svojimi imunmodulatornimi in 
protimikrobnimi lastnostmi (Garrido-Mesa in sod., 2011).  
 
Poleg pozitivnih znakov zdravljenja je več raziskav poročalo, da je prekinjeno zdravljenje 
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z antibiotiki povzročilo visoko stopnjo ponovitve bolezni. S tem razlogom bolnik potrebuje 
dolgotrajno zdravljenje, kar poveča tveganje za neželene učinke zdravila (Garrido-Mesa in 
sod., 2011). Poleg tega zdravljenje z antibiotiki ne doseže vedno klinične remisije in lahko 
privede do drugih stanj kot je okvara ledvic (de Mattos in sod., 2015).  
 
V zadnjih leti so bile uvedene tudi nove biološke terapije, ki vključujejo protitelesa proti 
tumor nekroznemu faktorju alfa (TNF-α) in se sedaj uporabljajo skupaj s klasičnimi 
terapijami (Wilson in sod., 2016). Biološko zdravljenje KVČB deluje na provnetne 
citokine, ki so prisotni v črevesju lamnia propria bolnikov s KVČB. Citokini, kot je TNF-
α, so pomembni za vzdrževanje kroničnega vnetja črevesne slunznice, zaradi tega je 
uporaba monoklonskih protiteles proti TNF-α ena izmed uporabnih bioloških molekul, ki 
se uporabljajo za zdravljenje KVČB.  
 
Z uporabo podobnih protiteles se cilja različne imunske odzivne mehanizme celic Th1 kot 
so apoptoza, aktivacija komplementa, tvorba protiteles in blokiranje rastnih faktorjev. 
Prednost zdravljena z biološkimi molekulami je njihova visoka specifičnost in neposreden 
mehanizem delovanja, medtem ko je njihova največja slabost v tem, da je zdravljenje še 
vedno izjemno drago. S tem razlogom se biološko zdravljenje običajno uporablja kot 
alternativa za bolnike, ki ne reagirajo dobro na zdravljenje s kortikosteroidi in 
aminosalicati. Cena ni edina negativna plat biološkega zdravljenja, saj dolgotrajno 
zdravljenje lahko povzroči tudi imunogenost, pri čemer nastanejo protitelesa, ki delujejo 
proti zdravilu in lahko spodbudijo zakasnele reakcije na infuzijo, kar se pokaže v 
skrajšanemu trajanju delovanja zdravila z vsako injekcijo ali infuzijo (de Mattos in sod., 
2015).  
 
Prva odobrena molekula proti TNF je bila infliksimab. Infliksimab je himerno 
monoklonsko protitelo IgG1, ki je sestavljeno iz primarnega mišjega proteina, ki vsebuje 
vezavno mesto za TNF-α in iz dela človeškega imunoglobulina, ki vpliva na delovanje 
protitelesa. Infliksimab se uporablja za zdravljenje vnetne in fistulirajoče CD in UC v več 
državah. Kljub temu so nekateri bolniki, ki se na to zdravljenje ne odzovejo. V tem 
primeru se uporabi adalimumab, človeško monoklonsko protitelo IgG1, ki se specifično 
veže na TNF-α.  
 
Biološko zdravljenje z monoklonskimi protitelesi infliksimabom in adalimumabom je 
pokazalo bistveno izboljšanje pri bolnikih z KVČB in se zato uporabljajo za zdravljenje. 
Poleg pozitivnih učinkov, se je potrebno zavedati tudi stranskih učinkov in tveganj, ki 
pridejo s tem zdravljenjem. Ti med drugim vključujejo ledvične zaplete, reakcijo na 
infuzijo, zakasnjeno preobčutljivost ter nov pojav avtoimunosti in oportunističnih okužb, 
zaradi imunosupresivnega zdravljenja. Ker so ta zdravljenja še relativno nova, njihovi 
stranski učinki še vedno niso popolnoma znani, zato so potrebne še dodatne raziskave, da 
bi popolnoma poznali stranske učinke zdravljenja (de Mattos in sod., 2015).  
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Imunski sistem je oblikovan z namenom obrambe živih organizmov proti patogenom, kot 
so virusi in bakterije. Na splošno je razdeljen na dva dela: prirojeni in pridobljeni imunski 
sistem. Pridobljeni imunski sistem se razvija preko celotnega življenja in je odgovoren za 
razvoj specifičnih protiteles, medtem ko je prirojen imunski sistem prisoten že ob rojstvu 
in predstavlja prvo nespecifično linijo obrambe pred patogeni (Complement System – 
overview, 2019).  
 
Komplementni sistem je pomemben del prirojenega imunskega sistema, ki pomaga v boju 
proti patogenom preko kaskade biokemičnih reakcij in je tesno povezan tudi z elementi 
pridobljenega imunskega sistema, s katerimi ima interakcijo in se medsebojno dopolnjujejo 
(Complement System – overview, 2019). 
 
Komplementni sistem je sestavljen iz 30 plazemskih in membransko vezanih proteinov v 
obliki neaktivnih proencimov, ki krožijo v krvi. Njihova sinteza večinoma poteka v jetrih 
in predstavljajo 5 % vseh globulinov v krvnem serumu. Ko komplement zazna signal, 
aktivira spremembo pri enem izmed začetnih proencimov v aktivno obliko, ki se nato 
razcepi in aktivira naslednji encim v kaskadi ter na koncu privede do tvorbe proteinskega 
kompleksa, ki se integrira v membrano bakterijske celice in povzroči lizo celic. Hkrati 
citokini aktivirajo pridobljen imunski sistem. Vsak element lahko aktivira več elementov 
pod seboj v kaskadi, tako da začetni odziv med aktivacijo eksponentno raste (Kaiser, 
2019). 
 
Komplement se lahko aktivira preko treh poti: klasične, lektinske in alternativne. 
Aktivacija vsake izmed poti se sproži preko različnih komponent. Klasično in lektinsko pot 
sestavljajo enake komponente, razen faktorja, ki je odgovoren za začetno aktivacijo. Pot 
klasičnega komplementa (CP) za aktivacijo običajno zahteva kompleks antigen-protitelo, 
ki je povezan s pridobljenim imunskim odzivom (Complement System – overview, 2019). 
Aktivacija komplementa preko klasične poti se sproži, ko protitelesa prepoznajo širok 
spekter patogenih mikroorganizmov. Ključen dogodek za aktivacijo je interakcija 
kompleksa C1 s kompleksom protitelo-antigen ali imunskimi agregati, ki vsebujejo IgG ali 
IgM. CP je torej naravna povezava med prirojenim in pridobljenim imunskim sistemom. 
Poleg protiteles CP aktivira tudi več drugih dejavnikov (Complement System – overview, 
2019).  
 
Sistem komplementa je zasnovan za prepoznavo in uničenje patogenov, vendar lahko 
zaradi svoje nespecifične funkcije prepozna tudi gostiteljske celice in zato povzroči 
poškodbe tkiv. Napake v sistemu komplementa lahko vodijo do resnih imunskih 
pomanjkljivosti, ki se kažejo v večji dovzetnosti za okužbe kot tudi aktivaciji 
komplementa, ki povzroči avtoimunsko bolezen. Da se zmanjša možnost nastanka škode, 
je kaskadni potek reguliran s številnimi regulacijskimi komponentami in nadzornimi 
mehanizmi (Paul, 2012).  
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C4BP je velik plazemski glikoprotein z velikostjo 570 kDa. Primarno se sintetizira v jetrih, 
njegova sekundarna mesta sinteze pa so tudi pljuča in otočki trebušne slinavke. C4BP se 
sprosti v obtok v treh glavnih izoformah (Olivar in sod., 2013; Ermert in sod., 2016). 
Najpogostejša izoforma C4BP v plazmi je α7ß1, ki je sestavljena iz sedmih enakih α-verig 
in ene ß-verige. Te verige so preko svojih C-terminalnih domen povezane skupaj z 
disulfidnimi vezmi (Ermert in sod., 2016; Olivar in sod., 2013). α-verige se na površini 
bakterijskih patogenov vežejo na številne ligande, kot so proteina sistema komplementa 
C3b in C4b, heparin, pentraskin, CD91, DNA in proteine. Z vezavo na C3b in C4b se 
regulira aktivacija komplementa z zmanjšanjem tvorbe in stabilnosti C3 ali C5 konvertaze. 
Po drugi strani pa se veriga ß z visoko afiniteto veže na protein S, kar omogoča da se 
C4BP veže na apoptotične in nekrotične celice in omogoča aktivacijo komplementa ter 
odstranitev celic pod nadzorovanimi pogoji (Olivar in sod., 2013; Sjölander in sod., 2016). 
Dve izoformi, ki vsebujeta verigo ß, α7ß1 in α6ß1, krožita v plazmi v obliki kompleksa 
C4BP-PS, zaradi svoje visoke afinitete do antikoagulanta PS (proteina S) in sta preko tega 
povezani z koagulacijskim sistemom (Agarwal in sod., 2015). Ko pride do akutnega vnetja, 
pride do povečanega izražanja izoforme C4BP, ki ne vsebuje ß-verige α7ß0, zaradi vpliva 
vnetnih citokinov na diferencialne gene, ki kodirajo α- in β-verigo (Ermert in sod., 2016; 
Olivar in sod., 2013).  
 
C4BP je zaviralec sistema komplementa, ki v večini zavira klasično in lektinsko pot. 
Deluje preko zaviranja sestavljanja in pospeševanja naravne razgradnje C3 konvertaze, 
vendar lahko vpliva tudi na alternativno pot preko njegove vloge kofaktorja faktorju I, 
plazemske proteaze, pri razgradnji C4b in C3b (Blom in sod., 2009). Ta cepitev omogoča 
makrofagom, da prepoznajo celice in jih odstranijo, ne da bi pri tem sprožili vnetje. 
Apoptotične in nekrotične celice, ki jih je potrebno odstraniti, vsebujejo C1q, MBL ali 
fikoline, ki jih prepozna imunski sitem ter sproži njihovo opsonizacijo. Makrofagi, ki 
fagocitirajo apoptotične ali nekrotične celice, ki so označene s C4BP, pri tem sprostijo 
protivnetne citokine. V primeru zunanjih poškodb ali potrebi po odstranitvi celice iz 
sistem, C4BP deluje kot pomoč pri tihi odstranitvi apoptotičnih celic z makrofagi (Ermert 
in sod., 2016).  
 
Po študiji Olivarja in sod. (2013) je zdravljenje z izoformo C4BP (ß-) preprečilo, da bi 
zdravljene DC sprostile provnetne citokine Th1 (IL-12, TNF-α, IFN-γ, IL-6, IL-8), hkrati 
pa se je povečalo izločanje protivnetnih citokinov IL-10. Poleg tega se je zmanjšala 
kemotaksa, preprečilo povečanje proliferacijo celic T, prekomerno ekspresijo CD80 in 
CD83 in prekomerno ekspresijo površinskega CCR7, proteina, ki je vključen pri migraciji 
DC v bezgavke. Čeprav naj bi se C4BP relativno hitro odstranil iz sistema cirkulacije in je 
njegov učinek na aktivnost komplementa v mišjem modelu artritisa šibek, je bil končni 
učinek na zdravljenje bolezni precej velik. To nakazuje, da imajo C4BP in njegovi analogi 
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Z namenom preučevanja patogeneze in kompleksnosti človeškega KVČB in iskanja 
možnega potencialnega zdravljenja zanj so v zadnjih desetletjih razvili številne mišje 
modele (Chassaing in sod., 2014). Modeli, ki so bili razviti, so modeli spontanega kolitisa, 
sprožen kolitis na modelu, genetsko spremenjeni modeli in posvojitveni transferni modeli. 
Čeprav ti modeli ne predstavljajo vseh kompleksnih mehanizmov človeške bolezni, so zelo 
koristni za raziskovanje več dejavnikov, ki so vključeni v patogenezo KVČB in za oceno 
potencialnih zdravljenj (Perše in Cerar, 2012). Kljub temu, da imajo kemično povzročeni 
modeli zaradi svoje akutne in nefiziološke patogeneze najmanjšo podobnost človeškemu 
KVČB, so še vedno najbolj pogosto uporabljen modeli. Eni izmed razlogov za njegovo 
široko uporabo so, da so enostavni, hitri, poceni, reproduktivni, nadzorovani in povzročijo 
takojšnjo vnetje (Randhawa in sod., 2014; Chassaing in sod., 2014).  
 
Med vsemi kemično povzročenimi kolitisi črevesnega vnetja na modelu miši je 
najpogosteje uporabljen model natrijev dekstran sulfat (DSS). DSS je vodotopen, 
negativno nabit, sulfatni polisaharid z zelo spremenljivo molekulsko maso, ki se giblje od 
5 kDa do 1400 kDa (Chassaing in sod., 2014). Odziv miši na DSS se razlikuje glede na 
koncentracijo, trajanje izpostavljenosti, proizvajalca, šarže in molekulske mase DSS. Za 
sprožitev kolitisa na živalskem modelu ima molekulska teža DSS zelo pomembno vlogo. 
Različne molekulske mase povzročajo različno razvitost kolitisa, rakotvorno aktivnost in 
imajo vpliv tudi na lokacijo kolitisa. Uporaba prave molekulske mase ima zato zelo velik 
pomen (Perše in Cerar, 2012). Najhujši mišji kolitis, ki je tudi najbolj podoben človeškemu 
UC, se ustvari z uporabo DSS molekulske mase od 40 do 50 kDa (Chassaing in sod., 
2014). V primerjavi z drugimi živalskimi modeli kolitisa, ima kolitis, ki ga povzroča DSS, 
nekatere. S spremembo koncentracije DSS se lahko enostavno povzroči akutni, kronični ali 
ponavljajoči model prednosti (Perše in Cerar, 2012).  
 
Običajno se pri kemično povzročenemu DSS mišjem modelu kolitisa uporabi v pitni vodi 
raztopen 3 % do 5 % polimer DSS z molekulsko maso 50 kDa. To raztopino miši nato 
pijejo 5 do 8 dni z namenom sprožitve kolitisa. Po devetem dnevu se živali žrtvuje ter 
oceni glede na različne parametre kot so nivo TNF-α, IL-10, IL-1β, IL-6, IL17 in MPO. 
Vrednotenje se izvede s pomočjo Indeksa aktivnosti bolezni (DAI). DAI je skupni indeks 
ulceroznega kolitisa za količinsko oceno izgube telesne teže, rektalne krvavitve in 
konsistence blata (Randhawa in sod., 2014; Kozlowski in sod., 2013). Preko 
makroskopskih in mikroskopskih opazovanj miši, se oceni tudi izgubo telesne mase, 
diarejo in skrajšanje črevesja po administraciji, kot tudi progresivno izgubo kriptnih celic 
črevesja, predvsem v bližini rektuma in v oddaljenih regijah črevesja. Zaradi vnetja v 
črevesju pride do povišanja celic prirojene imunosti in limfocitov, kar povzroči nadaljnjo 
erozijo in razjedo kript (Kozlowski in sod., 2013).  
Vsa opazovanja, ki jih naredimo pri DSS miših, jih najdemo tudi pri človeški bolezni in so 
zato odličen model za preučevanje KVČB. Obetavna zdravila, ki bi jih lahko uporabili za 
zdravljenje KVČB se ocenjuje na podlagi patoloških rezultatov pri miših s kolitisom. 
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Rezultati so opravljeni s strani izkušenih patologov, na podlagi mikroskopskih opazovanj s 
pregledom mikroskopskih stekelc črevesja, obarvanih s hematoksilinom in eozinom 
(Kozlowski in sod., 2013).  
 
NAMEN IN HIPOTEZE 
 
Cilj magistrske naloge je bilo oceniti učinkovitost PRP-B0 na izboljšanje KVČB na 
mišjem modelu z akutnim črevesnim vnetjem (kolitis), povzročenim z DSS. Predpostavili 
smo, da bi PRP-B0 glede na njegove imunomodulatorne lastnosti lahko bil uporaben za 
zdravljenje številnih patologij, med drugim tudi KVČB. Ponavljajoči odmerki PRP-B0 naj 
bi pozitivno vplivali na izboljšanje poškodb črevesja po povzročitvi kolitisa pri miših z 
DSS. Prav tako smo predpostavili, da bo PRP-B0 imel pozitiven učinek na znižanje 
koncentracije provnetnih kemokinov in citokinov v krvnem obtoku in s tem zmanjšal 
vnetje tkiv v mišjem modelu s kolitisom, povzročen z DSS. Da bi ugotovili najboljši način 
odmerjanja smo naredili tri skupine, kjer smo v večkratnih odmerkih v različnih časovnih 
shemah odmerjali PRP-B0 po povzročitvi kolitisa s pomočjo DSS na miših.  
 
MATERIALI IN METODE 
 
Poskus zdravljenja z PRP-B0 na modelu miši s kolitisom, induciranim z DSS, se je 
izvajalo na 54 miših C57BL/6, moškega spola, starosti 7 tednov in teže okoli 22 g, 
pridobljenih s strani Envigo (Barcelona, Španija). Med poskusnim postopkom so bile živali 
identificirane s trajnim označevalcem (kodne številke repa). 
 
Protokol za povzročitev kolitisa je potekal od dneva 0 do dneva 9. Kolitis je bil povzročen 
z dodajanjem DSS v navadno pitno vodo v koncentraciji 2 %, filtriran preko 0,22 μm 
celulozno acetatnega filtra in priskrbljen mišim v neomejeni količini. Na tretji dan je bila 
raztopina DSS zamenjana z novo svežo 2 % raztopino DSS. Peti dan je bila raztopina DSS 
nadomeščena s pitno vodo do devetega dneva. Živali, katerimi ni bil povzročen kolitis z 
DSS, so tekom celotne študije redno dobivale vodo. DPBS se je v živali injiciralo 
subkutano, 4., 6. in 8. dan, slepi in kontrolni (z DSS povzročen kolitis) skupini v količini 
0,15 mL. PRP-B0 (50 μg) je bil v živali injeciran subkutano, 4., 6. in 8. dan v količini 0,15 
mL. Referenčno zdravljenje z minociklinom (50 mg/kg) je potekalo dnevno s peroralnim 
odmerjanjem z volumnom 10 ml/kg. Tekom poskusa se je za vsako miš dnevno beležila 
telesna teža, prisotnost bruto krvi v blatu in konsistenca blata. Tem parametrom je bil nato 
dodeljen rezultat, ki je bil uporabljen za izračun povprečnega dnevnega indeksa aktivnosti 
bolezni (DAI) za posamezno žival.  
 
Na 9. dan smo pet miši iz vsake izmed skupin anestezirali z izoflouranom in odvzeli vzorce 
krvi iz vene cave. Nato so bile vse živali evtanazirane z vdihavanjem CO2. Vsem mišim 
smo odstranili vranice in jih stehtali. Odstranili smo črevesje in ga sprali z ledeno hladno 
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fosfatno fiziološko raztopino. Odrezane dele črevesja smo nato postavili na ledeno hladne 
plošče, jih očistili maščobe ter posušili s pomočjo filtrirnega papirja. Vsak vzorec smo 
stehtali ter njegovo dolžino izmerili pod konstantno obremenitvijo (2g). Črevo smo nato 
odprli po dolžini in oceni glede na makroskopsko vidne poškodbe na podlagi kriterijev 
opisanih s strani Kim in sod. (2012). 
 
Z namenom ocene stopnje vnetja, relativnih vrednosti večih citokinov, kemokinov in 
proteinov akutne faze v vzorcih mišjega seruma tretiranih miših na koncu eksperimenta 
smo uporabili mrežo za profiliranje proteoma, mrežo mišjih citokinov, ploščo A. 
Preiskovani mišji serum je bil pridobljen iz miši, ki jim je bil injeciran ali DPBS (slepa 
skupina), DSS (kontrola), protein PRP-B0_3, ali pa je bila miš zdravljena z minociklinom. 
Za določitev koncentracije endotoksinov v vzorcu seruma miši in vitro se je uporabil 
ELISA komplet mišjih endotoksinov. Mišji serum je bil pridobljen iz miši, ki smo jim 
injecirali ali DPBS, DSS, protein PRP-B0_3 ali seruma miši zdravljene z minociklinom. 
Za vsako izmed zdravljenj smo uporabili štiri vzorce. Izvedli smo tudi ekstrakcijo 
proteinov in črevesja testiranih miši, z namenom določitve celokupne količine proteinov 
prisotnih v vzorcu črevesja, za kar smo uporabili komplet ELISA. 
 
REZULTATI IN DISKUSIJA 
 
Namen opisanega poskusa je ugotoviti, ali ima zdravljenje s PRP-B0 zaviralni učinek na 
vnetje, povzročeno z DSS, na mišjem modelu kolitisa. S tem namenom je bil PRP-B0 
apliciran mišim subkutano v količini 50 µg/miš. V tej študiji smo kot referenčno kontrolno 
zdravljenje uporabili antibiotik minociklin (Garrido-Mesa in sod., 2011). 
 
Med eksperimentom so bili za vsako miš ovrednoteni klinični parametri, kot so telesna teža 
živali, pojav diareje in prisotnost krvi v blatu ter na podlagi tega preračunana ocena stanja 
bolezni ali DAI. Po žrtvovanju miši se je stehtalo njihovo črevo, izmerilo njihovo dolžino 
ter ovrednotilo makroskopsko vidne poškodbe na 0-3 lestvici. S temi črevesnimi parametri 
se je ocenilo vnetni status črevesja, ki ga je povzročilo zaužitje DSS. PRP-B0, ki je bil 
zaužit v ponavljajočih 50 µg odmerkih, subkutano v dneh 4, 6 in 8, po pojavu kolitisa, je 
ublažil vnetno patologijo pri miših s kolitisom, povzročenim z DSS. 
 
Administracija 2 % DSS je v petih dneh povzročila vnetje črevesja, katera posledica je bila 
zmanjšanje telesne teže miši v primerjavi s slepo skupino (miši brez kolitisa). Zmanjšanje 
telesne teže je bilo mogoče opaziti od šestega dne po uporabi DSS in je bila najverjetneje 
posledica anoreksije in diareje. Te razlike so se začele med petim in šestim dnem ter so se 
postopoma večale tekom poskusa, kar se je pokazalo z napredovanjem vnetja in kolitisa. 
Poleg izgube teže se je postopoma višala tudi ocena DAI pri kontrolni skupini miši tekom 
celotnega trajanja poskusa. Podobno kot DAI, je tudi AUC pri kontrolni skupini s 
kolitisom pokazal znatno povišanje v vrednosti 9,65 ± 1,21. 
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Rezultati, pridobljeni po dnevni administraciji minociklina, so pokazali protivnetni učinek 
tega antibiotika na črevesje. Po pričakovanjih je peroralno prejeti minociklin preprečil 
nastanek kolitisa, ki ga je povzročil DSS, kar se je pokazalo preko znatnega zmanjšanja 
DAI tekom 9 dni v primerjavi z nezdravljenimi mišmi. Zmanjšanje DAI je bilo povezano 
predvsem z zmanjšano telesno težo in višjo konsistenco iztrebkov. Miši, zdravljene z 
minociklinom, so v prvih petih dneh celo kazale zaprtje v primerjavi z nezdravljenimi, po 
tem obdobju so iztrebki začeli izgubljati svojo konsistenco, vendar do diareje pri miših, 
zdravljenih z minociklinom, ni nikoli prišlo. Zdravljenje miši s povzročenim kolitisom, 
zdravljenimi s PRP-B0 na dan 4, 6 in 8 (skupina PRP-B0_3) je povzročilo znatno 
zmanjšanje vnetnega odziva v primerjavi s kontrolno skupino, kar se je pokazalo v 
zmanjšani telesni teži in vidnem zmanjšanju rezultata DAI, ki je bil podoben kot pri 
skupini, zdravljeni z minociklinom. Statistične razlike je bilo moč opaziti tudi pri odstotku 
izgubljene telesne teže med zdravljenjem s PRP-B0 v primerjavi s kontrolno skupino (dan 
9 v primerjavi z dnevom 0). Zdravljenje s PRP-B0 v primerjavi z minociklinom ni 
pokazalo statističnih razlik. Obenem je zdravljenje s PRP-B0 je pokazalo signifikantno 
sposobnost zmanjšanja resnosti kolitisa.  
 
Deveti dan po administraciji DSS so bile miši žrtvovane. Makroskopski pregled vzorcev 
črevesja kontrolne skupine je pokazal odsotnost okroglo oblikovanih iztrebkov, povečano 
debelino črevesne stene in edem sluznice. Vnetni status je bil dokazan preko povišanega 
razmerja med težo in dolžino črevesja v primerjavi s slepo skupino.  
 
Peroralno zdravljenje z minociklinom je spodbudilo obnovitev razmerja med težo in 
dolžino črevesja v primerjavi z nezdravljenimi mišmi. Poleg tega je bilo protivnetno 
delovanje na črevesje dokazano tudi makroskopsko preko znatnega zmanjšanja ocene 
poškodovanega črevesja v primerjavi s kontrolno skupino. 
 
Zdravljenje s PRP-B0 je imelo učinkovit protivnetni učinek na črevesje. V skladu s 
kliničnimi parametri je bilo črevesje skupine PRP-B0 skoraj normalnega videza. Šest od 
osmih miši je tvorilo okrogle iztrebke, njihova debelina črevesne stene pa je bila bistveno 
manj povečana od tistih opaženih v kontrolni skupini. Makroskopski rezultat je bil 
zmanjšan pri skoraj vseh miših v skupini v primerjavi s skupino s kolitisom. Zdravljenje s 
PRP-B0 po vzpostavitvi kolitisa je spodbudilo tudi obnovitev razmerja med maso in 
dolžino črevesja, čeprav to zmanjšanje ni doseglo statističnega pomena.  
 
Vzorci mišjega seruma so bili pridobljeni iz miši C57BL/6, katerim je bil povzročen kolitis 
z doziranjem DSS ter so bile zdravljenje s PRP-B0 (50μg/miš, na 4, 6 in 8 dan po 
vzpostavitvi kolitisa. V poskus so bile vključene tudi slepa skupina (miši C57BL/6), DSS 
kontrolna skupina (miši C57BL/6 z induciranim kolitisom in brez zdravljenja) in skupina 
miši z DSS povzročenim kolitisom, zdravljenih z minociklinom (n= 4 miši/skupino). Iz 
rezultatov je razvidna visoka prisotnost CXCL13 pri miših s kolitisom brez zdravljenja. 
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Potrditev kemokina CXCL13 je bila izvedena na posameznih vzorcih miši s specifično 
ELISA (n =4 miši/skupino). 
 
Da bi pridobili natančno količinsko oceno kemokina CXCL13 (BLC) v serumu miši smo 
uporabili mišji komplet ELISA CXCL13 (BLC). CXCL13 (BLC) je bil testiran na serumu 
miši, katerim je bil injiciran DPBS (slepa skupina), miši, zdravljene po povzročenem 
kolitisu, z DPBS (kontrolna skupina), zdravljene s proteinom PRP-B0_3 ali zdravljene z 
minociklinom. Najvišja koncentracija CXCL13 (BLC) je bila zaznana pri miših z DSS 
povzročenim kolitisom. Po zdravljenju z minociklinom se je koncentracija CXCL-13 
znižala. Še večje znižanje CXCL-13 je bilo opaziti pri miših s povzročenim kolitisom, ki 
so bile zdravljene s PRP-B0 v primerjavi z nezdravljenimi mišmi s kolitisom. 
 
Da bi pridobili natančno količinsko vrednost kemokina CXCL-13 v vzorcih črevesja miši, 
smo uporabili mišji komplet ELISA CXCL13 (BLC). CXCL13 (BLC) smo določali za 
vzorce črevesja pridobljene iz miši, katerim je bil injiciran DPBS (slepa) ter skupinam 
mišim katerim je bil povzročen kolitis z DSS in so bile zdravljene z DPBS (kontrola), 
proteinom PRP-B0_3 ali minociklinom. Najvišja vrednost proteina CXCL13 (BLC) v 
ekstraktih tkiva je bila prisotna pri miših s kolitisom, ki ga je povzročil DSS. Koncentracija 
CXCL13 je bila zanemarljiva pri skupinah, zdravljenih z PRP-B0 ali minociklinom v 
primerjavi z nezdravljenimi mišmi, s povzročenim kolitisom.  
 
Za kvantitativno detekcijo endotoksinov v serumu miši smo uporabili mišji endotoksinski 
komplet ELISA (MyBiosource, Inc., Cat No. MBS263664). Serum smo pridobili iz miši 
C57BL/6 in primerjali prisotnost endotoksinov pri miših, katerim smo injicirali DPBS 
(slepa) ter skupini miši, katerim je bil povzročen kolitis in smo jih zdravili z DPBS 
(kontrola) ali PRP-B0_3 ali minociklinom. Najvišja koncentracija endotoksinov je bila 
prisotna v miših z DSS povzročenim kolitisom. Rahlo povišanje endotoksinov je bilo 
opazno tudi pri miših s kolitisom, zdravljenih z minociklinom. Miši z DSS povzročenim 
kolitisom in zdravljene s PRP-B0_3 so imele znatno znižanje ravni endotoksinov v 
primerjavi z mišmi s kolitisom, ki niso bile zdravljene.  
 
Rezultati kažejo, da je PRP-B0 bistveno izboljšal splošno poškodbo črevesja, povzročeno z 
DSS. V predhodni raziskavi naše raziskovalne skupine (neobjavljeni podatki) so ugotovili, 
da je bila najboljša shema administriranja z ponavljajočimi 50 μg odmerki, subkutano, na 
4, 6 in 8 dan, po vzpostavitvi kolitisa. Raziskava kaže, da zdravljenje s PRP-B0_3 lahko 
vpliva na aktivacijo dendritičnih celic, s končnim učinkom zmanjšanja vnetja. Ti rezultati 
so podobni raziskavi Olivar in sod. (2013), v kateri so dokazali, da so se dendritične celice 
po uporabi proteina C4BP (ß-), preusmerile proti nezrelnemu fenotipu, preko zmanjšanja 
Th1 provnetnih citokinov kot so TNF, IFN-γ, IL-6, IL-8, IL-12 in povečanja protivnetnega 
citokina IL-10, kar vodi do povišanja njihove sposobnosti diferenciacije celic T proti 
regulatornemu fenotipu.  
54 
 
Anžič A. Therapeutic potential … pathway complement inhibitor analogue PRP-B0 in an acute inflammatory bowel disease model.  
    M. Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, Academic Study in Biotechnology, 2020  
Da bi ugotovili prisotnost vnetnih citokinov v serumu in izvlečkih črevesnega tkiva na 
koncu raziskave, smo naredili poskus s citokinsko mrežo, ki je vključevala 40 mišjih 
citokinov, kemokinov in proteinov akutne faze. Rezultati so pokazali da so CXCL13 in 
drugi vnetni faktorji prisotni v najvišji količini pri miših s kolitisom, povzročenim z DSS, v 
primerjavi z mišim s kolitisom, zdravljenim s PRP-B0. Lokalno povišanje teh vnetnih 
faktorjev bi zato bilo lahko preprečeno z zdravljenjem s PRP-B0 ali minociklinom in bi 
lahko zato bilo uporabljeno za potencialno zdravljenje KVČB. 
 
Na podlagi naših rezultatov analiziranih citokinov in kemokinov je PRP-B0 imel najvišji 
učinek na kemokin CXCL13/BCA-1, saj se je njegova koncentracija po zdravljenju najbolj 
znižala. CXCL13 je znan kemoatraktant limfocitov B, ki ga neprestano tvorijo stromalne 
celice v limfoidnih foliklih človeških bezgavk (Wong in sod., 2010; Legler in sod., 1998). 
Močno je izražen v različnih stanjih kroničnega vnetja, kot so lupus, multipla skleroza in 
revmatoidni artritis (Wong in sod., 2010). CXCL13 naj bi bil vpleten tudi v tvorbo 
organiziranega limfoidnega tkiva in zato lahko nenormalno izražanje CXCL13 sproži 
formacijo organiziranega limfoidnega tkiva (Luther in sod. 2000). CXCL13 in druga 
limfoidna tkiva, ki sprožijo potovanje kemokinov na mesta vnetja, naj bi imeli tudi učinek 
na spremembo akutne lezije v kronično stanje (Carlsen in sod., 2002). Zmanjšanje 
aktivnosti kemokina bi zato imelo potencial za zdravljenje vnetnih bolezni, kot je KVČB.  
 
Naši rezultati kažejo, da je PRP-B0 znatno zmanjšal koncentracijo CXCL13 tako v serumu 
kot v črevesju, kar lahko prepreči tvorbo limfoidne strukture. Mehanizem za nizko 
sprožitev tega kemokina še ni povsem znan, zato so potrebne nadaljnje raziskave, da bi 
ugotovili natančen mehanizem. PRP-B0 ima tudi pozitiven učinek na znižanje 
koncentracije G-CSF, IL-1ra, CXCL1 in TIMP-1, medtem ko v koncentraciji CXCL12, 
sICAM in M-CSF ni bilo videti bistvenih razlik. 
 
Izvedena je bila tudi ELISA za CXCL13, saj je imel PRP-B0 največji vpliv na ta kemokin. 
PRP-B0 povzroči znižanje CXCL13 in je lahko zaradi tega ena izmed možnih tarč za 
zmanjšanje vnetja. Podatki pridobljeni s CXCL13 ELISA so pokazali, da so miši s 
kolitisom, povzročenim z DSS in zdravljenim s PRP-B0, pokazale izrazito nižjo 
koncentracijo CXCL13 v serumu. PRP-B0 tako potrjuje našo napoved, da je potencialni 
protein, ki bi ga lahko uporabili za zdravljenje vnetne črevesne bolezni. 
 
ELISA za CXCL13 je bila izvedena tudi na vzorcih črevesnega tkiva. Rezultati so bili 
podobnim tistim, pridobljenim iz seruma miši. Opazili smo, da se je koncentracija 
CXCL13 znatno znižala po zdravljenju s PRP-B0. Iz tega lahko sklepamo, da ima PRP-B0 
podoben vpliv tako na serum kot tudi črevesno tkivo. 
  
V naslednjem koraku je bila narejena ELISA za mišji endotoksin, da bi ocenili, ali je prišlo 
do poškodbe črevesne pregrade in vnetja. Poškodba črevesne pregrade je povzročena z 
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razgradnjo proteinov s tesnimi stiki, ki držijo pregrado skupaj. Z njihovo degradacijo pride 
do večje dovzetnosti pregrade za različne infiltrate nevtrofilcev, limfocitov, plazemskih 
celic in makrofagov, ki vdrejo v medcelični prostor (Valatas in sod., 2013; de Mattos in 
sod., 2015). Imunski sistem nato prepozna te vsiljivce in reagira nanje tako da sprosti 
citokine, ki privabijo druge imunske celice z namenom odstranitve vsiljivcev, kar se izrazi 
v obliki vnetja (Valatas in sod., 2013). 
 
 Z ELISA za mišje endotoksine smo želeli analizirati, ali uporaba PRP-B0 zaščiti črevesno 
pregrado pred poškodbami in s tem ohrani svojo celovitost v primeru vdora nevtrofilcev, 
limfocitov, plazemskih celic in makrofragov v medcelični prostor. ELISA je pokazala 
pozitiven učinek PRP-B0 na miši s kolitisom, induciranim s DSS, z znatnim znižanjem 
nivoja endotoksina v primerjavi z nezdravljenimi mišmi s kolitisom. Miši s kolitisom, 
zdravljene s minociklinom, so pokazale rahlo zvišanje vrednosti endotoksina. Zaključimo 
lahko, da zdravljenje s PRP-B0 kaže pozitivne rezultate v znižanju nivoja endotoksina, ki 
povzroča vnetje pri miših s kolitisom, povzročenim z DSS.  
 
V eksperimentu smo preučili vlogo PRP-B0 na modelu kolitisa, ki ga povzroča DSS. 
Predpostavka je bila, da je PRP-B0 zmožen znižati koncentracijo provnetnih citokinov in s 
tem izboljšati poškodovano črevesje. Dokazali smo, da so ponavljajoči 50 μg odmerki 
PRP-B0, subkutano, na 4, 6 in 8 dan po vzpostavitvi kolitisa, izboljšali poškodbo črevesja. 
Prišli smo do zaključka, da PRP-B0 znatno zniža koncentracijo kemokina CXCL13/BCA-
1, tako v serumu kot črevesnemu tkivu miši s kolitisom. Z ELISA smo potrdili, da ima 
PRP-B0 pozitiven učinek na znižanje endotoksinov, verjetno preko vzdrževanja integritete 
črevesne pregrade in zmanjšanja vnetja. 
  
Za določitev signalizacije PRP-B0 v različnih imunskih celicah in preučitev različnih poti, 
ki vodijo do protivnetnih imunskih regulacijskih aktivnosti, bo potrebno izvesti še več 
preiskav. Nadaljnji korak bi bil ponovitev zdravljenja PRP-B0 še na drugih modelih 
ulceroznega kolitisa in Crohnove bolezni, da bi dokazali njegovo učinkovitost. Proteine bi 
bilo potrebno testirati tudi na vzorcih krvi bolnikov s kolitisom, da bi ocenili, ali po 
uporabi PPR-B0 dendritične celice ne diferencirajo in ostanejo v tolerogenem stanju. 
 
Rezultati so bili do sedaj obetavni, zato lahko sklepamo da ima PRP-B0 velik potencial za 
zmanjšanje vnetja in je zato obetaven za uporabo v biološkem zdravljenju vnetne črevesne 
bolezni. Kljub temu so potrebne nadaljnje raziskave, da se v celoti oceni in potrdi možnost 
uporabe PRP-B0 za zdravljenje bolnikov s KVČB, saj vsi mehanizmi delovanja še niso 
popolnoma znani.  
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